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INDOLE DERIVATIVES 
Backarounc 



of thg"Thvent:ion 
The present invention relates to indole derivatives ^ to 
processes and intermediates for their preparation, to 
pharmaceutical compositions containing them and to their 
medicinal use. The active compounds of the present 
invention are useful in treating migraine and other 
disorders. 

United States Patents 4,839,377 and 4,855,314 and 
European Patent Application Publication Number 313397 refer 
to 5-substituted 3-aminoalkyl indoles. The compounds are 
said to be useful for the treatment of migraine. 

British Patent Application 040279 refers to 3- 
aminoalkyl-lH-indole-5-thioamides and carboxamides . The 
compounds are said to be useful in treating hypertension, 
Raymond's disease and migraine. 

European Patent Application Publication Number 303506 
refers to 3 ^poly : hydro-pyr idy 1-5-substituted-lH-indoles . 
The compounds are said to have 5HTl-receptor agonist and 
vasoconstrictor activity and to be useful in treating 
migraine. 

European Patent Application Publication Number 354777 
refers to N-piperidinyl : indolyl : ethyl-alkane sulfonamide 
derivatives. The compounds are said to have 5HTl-receptor 
agonist and vasoconstrictor activity and to be useful in 
treating cephalic pain. 

Summary of the Invention 

The present invention relates to compounds of the 
formula 




X 

m 

GO 



p3 
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wherein n is O, 1, or 2; X is hydrogen, chlorine, bromine, 
or iodine; is hydrogen; is select:ed from hydrogen, 

halogen (e.g., fluorine, chlorine, bromine or iodine). 



5 -(CH2)„-NR7(C=0)R8, -(CH2)„-NR7S02R8, " (CH^) „-S (O) ^, 

-(CH2)„-NR7(C=0)NR5R6, - (CHj) „-NR7 (C=0) OR9, and -CH=CH(CH2)yRio; 
R3 is selected from hydrogen and C| to linear and branched 
alkyl; R4 is selected from hydrogen, Ci to alkyl, and aryl; 
R5 and R5 are independently selected from hydrogen, C| to 

10 alkyl, aryl, and to C3 alkyl-aryl or R5 and R^ taken 
together to form a 4, 5, or 6 membered ring; R7 and Rg are 
independently selected from hydrogen, Cj to Cg alkyl, aryl, 
and Ci to C3 alkyl-aryl; R9 is selected from hydrogen, to 
alkyl, aryl, and Ci to C3 alkyl-aryl; Rjo is selected from 

15 -(C=0)NR5R6 and -SO2NR5R6, wherein R5 and R^ are defined as 
above, and -NR7(C=0)R8, -NR7SO2R8, -NR7(C=0) NRsR^, -S(0),R8 and 
-NR7 ( C=0 ) OR9 , wherein R7, Rg, and R9 are as defined above; m is 
0, 1, 2, or3;yis0, 1, or 2; x is 1 or 2; and the above 
aryl groups and the aryl moieties of the above alkylaryl 

20 groups are independently selected from phenyl and 
substituted phenyl, wherein said substituted phenyl may be 
substituted with one to three groups selected from Ci to C4 
alkyl, halogen (e.g., fluorine, chlorine, bromine or 
iodine) , hydroxy, cyano, carboxamido, nitro and Ci to C4 

25 alkoxy, with the proviso that when R2 is hydrogen or -OR4 and 
R4 is hydrogen, n is 0 or 1, and the phairmaceutically 
acceptable salts thereof. These compounds are useful in 
treating migraine and other disorders. Compounds of the 
formula I wherein R2 is -CH=CH(CH2)yRio and compounds of 

30 formula I where X is chlorine, bromine, or iodine are also 
useful as intermediates for preparing other compounds of the 
formula I. 

The compounds of the invention include all optical 
isomers of formula I (e.g., R and S enantiomers) and their 



cyano , 



-OR4, 



-(CH2)„-(C=0)NR5R,5, 



-(CH2)„-S02NR5R«, 
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racemic mixtures. The R enantlomers at the designated 
chiral site in formula I are preferred. 

Unless otherwise indicated, the alkyl groups referred 
to herein, as well as the alkyl moieties of other groups 
5 referred to herein (e.g. alkoxy) , may be linear or branched, 
and they may also be cyclic (e.g., cyclopropyl, cyclobutyl, 
cyclopentyl or cyclohexyl) or be linear or branched and 
contain cyclic moieties. 

Preferred compounds of the invention are compounds of 
10 the formula I wherein is hydrogen; R2 is -(CH2)m-S02NHR5, 

- ( CH2 ) „-NHS02R8 , - ( CH2 ) „,-S02R8 , - ( CH2) ( C=0 ) NHR5 , or 

-(CH2)nj-NH(C=0)R8; R3 is hydrogen or methyl; and m, R5 and Rg 
are as defined above and the pharmaceutical ly acceptable 
salts thereof. Of the foregoing preferred compounds, the R 
15 enantiomers at the designated chiral site in formula I are 
more preferred. 

The following compounds are preferred: 

(R) -5-methoxy-3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
indole; 

20 (R) -5-bromo-3- (N-methylpyrrolidin-2-ylmethyl) -IH- 

indole; 

(R) -5- (2-ethylsulf onylethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole; 

(R) -5- (2-methylaminosulfonyl ethyl) -3- (N- 
25 methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- (2-methylaminosulf onylethyl) -3- (pyrrolidin-2^ 
■ ylmethyl) -IH-indole; 

(R) -5-carboxamido-3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
indole; 

30 (R) -5-(2-methylsulf onylethyl) -3- (N-methylpyrrolidin-2- 

yl-methyl) -IH-indole; 

(R) -5- (2-aminosulphonylethenyl) -3- (N-methylpyrrolidin- 
2-ylmethyl) -IH-indole; 

(R) -5-(2-aminosulphonylethyl) -3- (N-methylpyrrolidin-2- 
35 ylmethyl) -IH-indole; 
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(R) - 5- ( 2-N , N- dime thy laminosulphonylethyl) -3- (N 
methylpyrrolidin-2-ylmethyl) -IH- indole; 

(R) -5- (2-phenylsulphonylethyl) -3- (N-methylpyrrolidin-2 
ylmethyl) -IH-indole [also known as (R)-5-(2 
5 benzenesulphonylethyl) -3- (N-methyl-pyrr olid in- 2 -ylmethyl) 
IH- indole] ; 

(R) -5- (2-phenylsulphonylethyl) -3- (N-methylpyrrolidin-2 
ylmethyl) -IH-indole hemisuccinate [also known as (R)-5-(2 
benzenesulphonylethyl) -3- (N-methyl-pyrrolidin-2-ylmethyl) 
10 IH-indole hemisuccinate] ; 

(R) -5- (2-phenylsulphonylethyl) -3- (N-methylpyrrolidin-2 
ylmethyl) -IH-indole hydr obromide ; 

(R) -5- (2-ethylsulphonylethyl) -3- (N-methylpyrrolidin-2 
ylmethyl) -IH-indole hemisuccinate; 
15 (R) -5- ( 3-benzenecarbonylaminoprop-l-enyl) -3- (N 

methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- (2- ( 4 -methylphenyl sulphonyl) ethyl) -3- (N 
methylpyrrolidin-2-ylmethyl) -IH-indole ; 

(R)-5-(3 -methylsulphonylaminoprop-l-enyl) -3- (N 
20 methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5-(2-ethylsulphonylethyl) -3- (N-2-propylpyrrolidin 
2 -ylmethyl) -IH-indole; 

(R) -5 - (2 -ethyl sulphonyl ethyl) -3- (pyrrol id in- 2 
ylmethyl) -IH-indole; 
25 (R)-5-(2- ( 4 -methylpheny 1 sulphonyl) ethenyl) -3- (N- 

methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- { 2 -methyl sulfonamidoethyl) -3- (N-methylpyrrolidin 
2-ylmethyl) -IH-indole; 

(R) -5- (2-methylsulfonamidomethyl) -3 - (N 
3 0 methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- (methy laminosulf ony Imethy 1) -3- (N -methyl 
pyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- (methylaminosulf onylmethyl) -3- (N-methyl 
pyrrolidin-2-ylmethyl) -IH-indole fumarate; 
35 (R) -5- (methylaminosulf onylmethyl) -3- (pyrrolidin-2 

ylmethyl) -IH-indole; 



(R) -5- (aminosulphonylmethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole; 

(R) -5-aminosulf onyl-3- (N-methylpyrrolidin-2-ylmethyl) - 
IH-indole; and 

5 (R) -7-Broino-5- (methylaminosulf onylmethyl) - 3- (N- 

methy Ipy r r o lidin-2-y line thy 1 ) - IH- Indole . 

The following compounds are particularly preferred: 

(R) -5- (2-phenylsulphonylethyl) -3- (N-lnethylpyrrolidin-2- 
ylmethyl) -IH-indole; 
10 (R) -5- (methylaminosulf onylmethyl) -3- (N-methyl- 

pyrrolidin-2-ylmethyl) -IH-indole; 

(R) -5- (aminosulf onylmethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole; 

(R) -5- (methylaminosulf onylmethyl) -3- (pyrrolidin-2- 
15 ylmethyl) -IH-indole; 

(R) -5- (methy lam i no su If onylmethyl ) -3- (N-methyl- 
pyrrolidin-2 -ylmethyl) -IH-indole fimarate; and 

(R) -5- (2-phenylsulphonylethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole hydrobromide • 
20 The following are other specific compounds of the 

present invention : 

(R) -3- (N-methylpyrrolidin-2-ylmethyl) -IH-indole; 

(R) - 5- f luoro-3- (N-methylpyrrolidin-2 -ylmethyl) -IH- 
indole; 

25 (R) -5-acetylamino-3- (N-methylpyrrolidin-2-ylmethyl) -IH- 

indole; 

(R) -5-benzyloxycarbonylamino-3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole; 

(R) -5- (2-aminocarbonylethyl) -3- (N-methylpyrrolidin-2- 
30 ylmethyl) -IH-indole; 

(R) -5-aminocarbonylmethyl-3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole; 

(R) -5-methylsulf onamido-3- (N-methylpyrrolidin-2- 
y Imethy 1 ) - IH- indole ; and 
35 (R) -5- (aminosulf onylmethyl) -3- (pyrrolidin-2-ylmethyl) - 

IH-indole. 
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The present invention also relates to a pharmaceutical 
composition for treating a condition selected from 
hypertension, depression, anxiety, eating disorders, 
obesity, drug abuse, cluster headache, migraine, pain, and 
5 chronic paroxysmal hemicrania and headache associated with 
vascular disorders comprising an amount of a compound of the 
formula I or a pharmaceutically acceptable salt thereof 
effective in treating such condition and a pharmaceutically 
acceptable carrier. 

10 The present invention also relates to a pharmaceutical 

composition for treating disorders arising from deficient 
serotonergic neurotransmission (e.g., depression, anxiety, 
eating disorders, obesity, drug abuse, cluster headache, 
migraine, pain, and chronic paroxysmal hemicrania and 

15 headache associated with vascular disorders) comprising an 
amount of a compound of the formula X or a pharmaceutically 
acceptable salt thereof effective in treating such condition 
and a pharmaceutically acceptable carrier. 

The present invention also relates to a method for 

20 treating a condition selected from hypertension, depression, 
anxiety, eating disorders, obesity, drug abuse, cluster 
headache, migraine, pain and chronic paroxysmal hemicrania 
and headache associated with vascular disorders comprising 
administering to a mammal (e.g., a hximan) requiring such 

25 treatment an amount of a compound of the formula I or a 
pharmaceutically acceptable salt thereof effective in 
treating such condition. 

The present invention also relates to a method for 
treating disorders arising from deficient serotonergic 

30 neurotransmission (e.g., depression, anxiety, eating 
disorders, obesity, drug abuse, cluster headache, migraine, 
pain and chronic paroxysmal hemicrania and headache 
associated with vascular disorders) comprising administering 
to a mammal (e.g., a human) requiring such treatment an 

35 amount of a compound of the formula I or a pharmaceutically 
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accept:able salt thereof effective in treating such 
condition. 

The contemplated range for both pharmaceutical 
compositions and methods of use of the compound (R) -5- 
5 (methylaminosulf onylmethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH- indole is from 0.1/xg to 200mg. 

The contemplated range for both pharmaceutical 
compositions and methods of use of the compound (R) -5- 
(aminosulf onylmethyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
10 indole is from O.ltxg to 2 00mg. 

The contemplated range for both pharmaceutical 
compositions and methods of use of the compound (R)-5- 
(methylaminosulf onylmethyl) -3- (pyrrolidin-2-ylmethyl) -IH- 
indole is from 0.01/Ltg to 200mg. 
15 The present invention also relates to a compound of the 

formula 




20 

T6ZV 



wherein X is hydrogen, bromine, chlorine, or iodine; W is 
25 -COjRii or R3; Q is CHj or C=0; n, Rj, R^ and R3 are as 
defined for formula I; and R^ is selected from Cj to C5 
alkyl, benzyl and aryl, wherein aryl is as defined above, 
with the proviso that when W is R3, Q is C=0, and with the 
proviso that when X is bromine, chlorine, or iodine, W is 
30 -COjRn and Q is CHj. The compounds of formula V are useful 
as intermediates in preparing compounds of the formula I. 

Accordingly, one group of the foregoing intermediates 
comprises compounds of the formula 

35 






wherein n, R^, and R^ are as defined above and a second 
group of the foregoing intermedia'tes comprises compounds of 
10 the formula 



15 




III 



wherein n, R^, R3 and R|o are as defined above. 

The present invention also relates to a process for 
20 preparing a compound of the formula 



25 




(XVI ) 



30 

wherein X is chlorine, bromine, or iodine; A is a first 
suitable nitrogen protecting group; R15 is hydrogen, halogen, 
cy ano , -ORj^ , - ( CH2 ) ( C=0 ) NRnRis / - ( CHj ) SOjNRnRig , 

35 - (CH2) „-NR,9 (C=0) R20, - (CH2) ^-NRj^SOjRjo, - (CHj) „-S (O) ^Rjo, 
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-(CH2)„-NR,9(C=0)NRi7R,8, - (CHj) „-NR„ (C=0) ORji, -CH=CH(CH2)yR; 
-(CH2)o,-T, and a substituent of the formula 




10 B represents a direct bond, C1-C4 alkyl, or C1-C4 alkenyl; D, 
E, G, and J are each independently oxygen, sulfur, nitrogen 
or carbon, provided that at least one of D, E, G, and J is 
nitrogen; Rjg, R29# R30* and R31 are each independently 
hydrogen, Ci-C^ alkyl, aryl, C^-Cj alkylaryl, C^-Cj 

15 alkylheteroaryl, halogen, cyano, trif luoromethyl, nitro, 

-OR32, -NR32R33, -(CH2)„OR32, -SR32, -S02NR32R33r -NR32SO2R33 , 

-NR32CO2R33, -CONR32R33/ or -CO2R32; one of Rjg and R29r R29 and R30, 
or R30 and R31 may be taken together to form a five- to seven- 
membered alkyl ring, a six-member ed aryl ring, a five- to 

20 seven-member ed heteroalkyl ring having 1 heteroatom of N, O, 
or S, or a five- to six-membered heteroaryl ring having 1 or 
2 heteroatoms of N, O, or S; R32 and R33 are each 
independently hydrogen, Ci to alkyl, -(CH2)qR34/ Ci to C3 
alkylaryl, or aryl; R32 and R33 may be taken together to form 

25 a C4-C7 alkyl ring; R34 is cyano, trif luoromethyl, or C1-C4 
alkoxy; R^g is . hydrogen, Cj to alkyl, or aryl; T is 




( i ) ( i i ) < i i i ) < iv) 



35 



10 



5 




( v) ( vi ) ( vi i ) 

M and Q are each independently oxygen or sulfur; Z is 

10 -NH, or -CH2; R35 and Rj^ are each independently hydrogen^ 

Ci to Cg alkyl^ aryl, Ci to C3 alkylaryl, or C, to C3 
alkylheteroaryl; R22 is - (C=0) NR23R24, -SO2NR23R24, -NR25 (C=0) R25, 
-NR25SO2R26, -NR25(C=0)NR23R24, -S(0),R26 or -NR7(C=0)OR27; Ri7, R18. 
R23, and R24 are each independently hydrogen, Cj to Cg alkyl, 

15 aryl, or Cj to C3 alkyl-aryl, or R^ and R^g or R23 and R24 maybe 
taken together to form a four- to six-membered ring; R^^, R20/ 
R21/ ^25/ ^26/ and R27 are each independently hydrogen, to Cg 
alkyl, aryl, or Cj to C3 alkyl-aryl; y is 0, 1, or 2; x is 
1 or '2; m is 0, 1, 2, or 3; n is 0, 1 or 2; q is 1, 2, or 3; 

20 and the above aryl groups and the aryl moieties of the above 
alkylaryl groups are independently selected from phenyl and 
substituted phenyl, wherein said substituted phenyl may be 
substituted with one to three groups selected from Cj to C4 
alkyl, halogen, hydroxy, cyano, carboxamido, nitro, and to 

25 C4 alkoxy, 

comprising, performing a transition metal catalyzed 
cyclization on a compound of the formula 

30 



35 



m 
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5 




wherein A, and X are as defined above and V is a second 

suitiable nitrogen protecting group. 

The process is preferable used where X is bromine. 
The compounds of formula XVI are useful in preparing 
15 the compounds of formula I, as well as preparing the S-HTjd 
agonists disclosed in International Application Nos. WO 
93/18032 (published September 16, 1993) and WO 93/20073 
(published October 14, 1993). 

Detailed Description of the Invention 
20 Compounds of fozrmula I are prepared by hydride 

reduction of a compound of the formula 




1 1 



wherein R^, Rj, n and Rn are as defined above with a hydride 
30 reducing agent in an inert solvent. Suitable hydride 
reducing agents include lithium aluminum hydride, diborane, 
lithium borohydride and sodium borohydride. The preferred 
reagent is lithium aluminum hydride. Suitable solvents 
include ethers, such as diethyl ether, tetrahydrof uran, 1,4- 
35 dioxane and 1 , 2-dimethoxy ethane. The preferred solvent is 
tetrahydrof uran. The reaction is conducted at a temperature 
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of about 30«C to about 100<*C., preferably about 65^C to 
about 70*>C. 

Compounds of formula I are also prepared by catalytic 
reduction of a compound of the formula 




III 



wherein R^, R3, n and R^q are as defined above under an 
atmosphere of hydrogen, preferably at a pressure of about 1 
to about 3 atmospheres, or using a hydrogen source such as 

15 ammonium formate or formic acid in an inert solvent. 
Suitable catalysts include palladium on carbon, Raney 
nickel, platinum oxide, rhodium, and ruthenium. The 
preferred catalyst is palladium on carbon. Suitable 
solvents include Ci to alcohols, N,N-dimethylf ormamide, 

20 ethyl acetate, acetonitrile, and acetone. The preferred 
solvents are ethanol and acetone. The reaction is 
conducted at a temperature of about 0®C to about 60 ®C, most 
preferably at about 25**C. 

Compounds of formula I are also prepared by alkylation 

25 of compounds of formula I where Rj^H and Rj and Ri, are as 
defined for formula I with alkyl halides in the presence of 
a base in an inert solvent'. Suitable alkyl halides include 
alkyl halides of the formula R^ - Halide where the halide is 
chloride, bromide and iodide. The preferred halide is 

30 iodide, or bromide in the presence of a suitable iodide 
source such as sodium iodide. Suitable bases include 
tertiary amines and inorganic bases. The preferred base is 
sodium carbonate. Suitable solvents include N,N- 

dimethy lacetamide , N , N-dimethy If ormamide , dimethoxyethane , 

35 tetrahydrofuran, dichloromethane, and acetonitrile. The 
preferred solvent is N, N-dimethy lacetamide. The reaction is 
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conducted at a temperature of about 0®C to about 150 
preferably at about 120**C. 

Compounds of formula I are also prepared by alkylation 
of compounds of formula I where R3=H and and are as 
5 defined from formula I, with aldehydes and ketones in the 
presence of a hydride source. Suitable aldehydes are of the 
formula R37CHO where R37 is Cj to C5 alkyl. The preferred 
aldehyde is formaldehyde. Suitable ketones are of the 
formula R38(C=0)R39 where Rjg and R39 are each independently Cj 

10 to C5 alkyl provided that the total number of carbons in both 
R38 and R39 is at most five. Suitable hydride sources include 
formic acid derivatives, phosphorous acids, and alkali metal 
borohydrides. The preferred hydride source are formic acid, 
sodium triacetoxyborohydride, sodium cyanoborohydride and 

15 the monosodium salt of phosphorous acid, with the more 
preferred hydride source being the monosodium salt of 
phosphorous acid (H. Loibner, Tet . Lett . (1984) p. 2535) . 
The reaction is usually conducted at a temperature of from 
about ambient temperature (about 27 ®C) to about reflux 

20 temperature, preferably eo^^C (with preferred solvent of 
tetrahydrofuran (hereinafter referred to as THF) ) . Suitable 
solvents in which the reaction can be run include aqueous 
THF, aqueous dioxane, water plus one of the lower alcohols 
(e.g., methanol or ethanol) , ethers, esters (ethyl acetate), 

25 or halogenated hydrocarbons (dichloromethane or chloroform) , 
or acetonitrile, preferably aqueous THF. 

As an alternative to the process in the previous 
paragraph, compounds of formulajTcan be prepared via a 
reductive amination using an aldehyde or ketone, of the 

30 formulae described in the previous paragraph, along with a 
transition metal catalyst, and a hydrogen source in an inert 
solvent. Suitable catalysts include palladium on carbon, 
Raney nickel, platinum oxide, and palladium hydroxide on 
carbon. The preferred catalyst is palladium hydroxide on 

35 carbon. Suitable hydrogen sources include hydrogen gas, 
ammonium formate, and formic acid. Hydrogen gas at a 
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pressure of from about one to about three atmospheres is the 
preferred hydrogen source. Three atmospheres of hydrogen 
gas is the preferred pressure. Suitable solvents include Ci 
to C4 alcohols, acetonitrile, N,N-dimethylf ormamide^ and N- 
5 methylpyrrolidine. Ethanol is the preferred solvent. The 
reaction is usually conducted at a temperature of from about 
25«*C to about 100 preferably about 25 «C to about 50 •^C. 

The compounds of formula II can be prepared by reacting 
a magnesium salt of an indole derivative of the formula 
10 R 

TI50X 

15 wherein R, and Rj are defined above, with the acid chloride 
of an N-C02Ru-proline, N-C02Ru-azetidine-2-carboxylic acid, 
or N-C02Rn-pipecolinic acid (R, S, or racemate) , wherein R^ 
is defined as above, in a ratio of from about 1:1 to about 
2;1, preferably 2:1 (indole magnesium salt : acid chloride 

20 compound) . The indole magnesium salt is first prepared from 
the reaction of an indole of formula IV with an alkyl or 
aryl magnesium halide, preferably ethylmagnesium bromide. 
The reaction is generally conducted in an inert solvent at 
a temperature between about -30<>C and about 65®C, preferably 

25 at about 25^ C. Suitable solvents include diethyl ether, 
tetrahydrofuran, and other alkyl ethers and dichloromethane 
with toluene. The preferred solvents are diethyl ether and 
dichloromethane with toluene. The acid chloride of proline, 
azetidine-2-carboxylic acid, or pipecolinic acid is prepared 

30 in a separate reaction vessel by reaction of the 
N-COjRn-proline, N-C02Rn-azetidine-2-carboxylic acid, or 
N-C02Rn-pipecolinic acid (R, S, or racemate) , with oxalyl 
chloride in methylene chloride at about -10**C to about 25^C 
( Helv. Chim. Acta . 1920 (1976)). Suitable solvents include 

35 diethyl ether, tetrahydrofuran, other alkyl ethers, and 
methylene chloride. The proline, azetidine-2-carboxylic 




15 
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acid, or pipecolinic acid is N-substituted with a protecting 
group to avoid reaction of the nitrogen with the acid 
chloride when it is formed. Suitable protecting groups are 
substituted-aryl or substituted-alkyl carbamates (e.g. 
5 benzyloxycarbonyl) . Preferably^ a solution of the 

N-COjRn -pro line acid chloride in an inert solvent (e.g., 
diethyl ether) is added slowly to the solution of the 
magnesium salt of an indole of formula IV at a temperature 
of about -3 0*C to about 50 preferably at about 25 
10 The compounds of formula III can be prepared by 

reacting a compound of formula 

X 




where in Ri, R3 and n are defined as above and X is chlorine, 

20 bromine or iodine (preferably bromine) , with a compound 
containing a vinyl group (e.g. ethyl vinyl sulfone or N- 
methylvinylsulf onamide) in the presence of a palladixim 
catalyst, a triarylphosphine and a base in an inert solvent. 
Suitable catalysts include palladium (II) salts, preferably 

25 palladium (II) acetate. Suitable solvents include 

acetonitrile , N, N-dimethylf ormamide , tetrahydrof uran and 
N, N-dimethylf ormamide with 1, 2 -dimethoxy ethane. The 
preferred solvents are acetonitrile and N,N- 
dimethylf ormamide. The preferred triarylphosphine is tri-o- 

30 tolylphosphine. Suitable bases include trisubstituted 
amines. The preferred base is triethylamine. The reaction 
is conducted at a temperature of about 25*^0 to 150**C, most 
preferably at about 80 ®C. 

The reaction in the previous paragraph can also be 

35 preformed on the compound of formula V where Ri is a suitable 
nitrogen protecting group, using those known in the art. 
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The preferred groups are electron withdrawing groups, 
preferably acetyl. Once the above reaction is complete, the 
corresponding compound of formula III with the 
aforementioned protecting group can be isolated by 
5 crystallization. The protecting group is then removed using 
methods known in the art to result in the compound of 
formula III defined previously on page 11. The procedure 
described in this paragraph differs from that described in 
the previous paragraph in that this procedural step 
10 eliminates the need to use a colvimn to isolate the desired 
compound • 

Compounds of formula I and intermediates to compounds 
of formula I can be prepared by hydride reduction of a 
compound of the formula 

Tno\ 

20 



wherein Rj, n, and are as defined above with a hydride 
reducing agent in an inert solvent. Suitable hydride 
reducing agents include lithium aluminum hydride, diborane, 

25 lithium borohydride, and sodium amide. The preferred 
reagent is lithium aluminum hydride. Suitable solvents 
include ethers, such as diethyl ether, tetrahydrof uran, 1,4- 
dioxane and 1, 2 -dimethoxy ethane. The preferred solvent is 
tetrahydrof uran. The reduction is conducted at a 

30 temperature of about 30^C to about lOO^C, preferably about 
65°C to about 

Compounds of formula I and intermediates to compounds 
of formula I can also be prepared by catalytic reduction of 
a compound of the formula 

35 





wherein Rj, and Rn are as defined above under an 

atmosphere of hydrogen, preferably at a pressure of about 1 

10 to 3 atmospheres, or using a hydrogen source such as 
ammonium formate of formic acid In an Inert solvent. 
Suitable catalysts Include palladium on carbon, Raney 
nickel, and platinum oxide. The preferred catalyst Is 
palladium on carbon. Suitable solvents Include Ci to C5 

15 alcohols, N,N-dlmethylf ormamlde, ethyl acetate, and 
acetonltrlle. The preferred solvent Is ethanol. The 
reaction Is conducted at a temperature of about O^C to about 
60®C, preferably at about 25*^C. 

Compounds of formula VI can be prepared by the 

20 transition metal catalyzed cycllzatlon of a compound of the 
formula 




vn 



CORia 



wherein Rj, n, and R^ are as defined above, and X Is 
30 chlorine, bromine, or iodine (preferably bromine or iodine) , 
and R,2 is -ORj^ as defined above or alkyl, aryl, or 
trif luoromethyl (preferably trif luoromethyl) in a suitable 
inert solvent with a phase transfer catalyst and a base. 
Suitable catalysts include palladium salts such as palladliim 
35 (II) acetate or palladium (II) chloride (preferably 
palladium acetate) and rhodium salts, such as 
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tris(triphenyl) rhodium (I) chloride. Suitable solvents 
include N-dimethylf ormamide, N, N-dimethylf ormamide with 
dimethoxy ethane, acetonitrile, and N-methylpyrrolidine. The 
preferred solvents are N,N-dimethylf ormamide and N,N- 
5 dimethyl formamide with d imethoxye thane • Suitable phase 
transfer catalysts include tetraalkylammoni\im halides, 
preferably tetra-n-butylammonium chloride. Suitable bases 
include tertiary amines, sodium hydrogen carbonate, and 
sodium carbonate. The preferred base is triethylamine. The 
10 reaction is conducted at a temperature of about 80 ®C to 
about IBO'^C, preferably about 150^0 to 160*^0. 

Compounds of formula VI can also be prepared by hydride 



reduction of a compound of the formula 




20 

Wherein Rj, n, and are as defined above with a hydride 
reducing agent in an inert solvent. Suitable hydride 
reducing agents include lithium borohydride, sodium 
borohydride, and sodium cyanoborohydride. The preferred 

25 reagent is lithium borohydride. Suitable solvents include 
ethers, such as diethyl ether, tetrahydrofuran, 1,4-dioxane 
and 1, 2 -dimethoxy ethane. The preferred solvent is 

tetrahydrofuran. The reduction is conducted at a 

temperature of about 3 0^C to about 100 *>C, preferably about 

30 65«C to about 70«C. 

Compounds of formula VII can be prepared by the 
Mitsunobu coupling reaction of compounds of formulas 

35 
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Tac©\ 




VII I 




IX 



10 



15 



20 



25 



wherein R2, n, Rj, , and Rjj are as defined above using a 
phosphine and an azodicarboxylate in a suit:able solven^t. 
Suitable phosphines include trialkylphosphines and 
triarylphosphines, preferably triphenylphosphine. Suitable 
azodicarboxy lates include dialkyl azodicarboxylates , 
preferably diethyl azodicarboxylate. Suitable solvents 

include methylene chloride, ethers, including 
tetrahydrofuran, diethyl ether, and 1,4-dioxane, N-N- 
dimethylf ormamide and acetonitrile. The preferred solvent 
is tetrahydrofuran. The reaction is conducted at a 

temperature of about 0®C to about 65 most preferably at 
about 25 ®C. 

Compounds of formula VIII, if not available 
commercially, can be prepared by reacting a compound of 
formula X 



wherein Rj and X are as defined above with the acid chloride 
or the symmetrical anhydride of R12CO2H in a suitable solvent 

3 0 with an suitable base. The preferred acid chloride or 
anhydride is trif luoroacetic anhydride. Suitable solvents 
include ethers, including tetrahydrofuran, diethyl ether and 
1,4-dioxane, methylene chloride, and chloroform. The 
preferred solvent is methylene chloride. Suitable bases 

35 include triethylamine, pyridine, and sodium hydrogen 
carbonate. The preferred base is pyridine. The reaction is 
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conducted at a temperature of about 0®C to about 65^ C, 
preferably at about 25 ®C. 

Compounds of formula X, if not available commercially, 
can be prepared by reacting a compound of formula XI 



XI 



10 wherein is as defined above with either chlorine, bromine, 
or iodine in a suitable solvent with a suitable base. 
Reaction with bromine is preferred. Suitable solvents 
include Cj-C^ alcohols, methylene chloride, methanol with 
methylene chloride, chloroform, or carbon tetrachloride. 

15 The preferred solvents are methanol and methanol with 
methylene chloride. Suitable bases include triethylamine, 
pyridine, sodium carbonate, and sodium hydrogen carbonate. 
The preferred base is sodium hydrogen carbonate. The 
reaction is conducted at a temperature of about 0*^0 to about 

20 65 ®C, preferably at about 25 ®C. 

Compounds of the formula IX can be prepared from 
hydride reduction of a compound of formula XII 



25 




XII 



3 0 wherein Rj, is defined as above and R^j is Cj-C^ alkyl, aryl, 
or alkylaryl with a hydride reducing agent in an inert 
solvent. Suitable hydride reducing agents include lithium 
aluminum hydride, lithium borohydride, sodium borohydride, 
and diisobutylaluminum hydride. The preferred reagent is 

35 diisobutylaluminum hydride. Suitable solvents include 
ethers, such as diethyl ether, tetrahydrof uran, 1,4-dioxane 
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and 1, 2 -dinethoxy ethane. The preferred solvent is 

tetrahydrofuran. The reduction Is conducted at a 

temperature of about -100 ®C to about O^C, preferably at 
about -80**C to about -60®C, more preferably at about -70®C 
to about -60 ®C. 

Compounds of the formula XII can be prepared from the 
Wittig reaction in a suitable solvent involving compounds of 
the formulas 



n' <)„ XI 11 pH3P^ XIV 

CHO 



15 



wherein Rn and R13 are defined as above. Suitable solvents 
include ethers such as diethyl ether, tetrahydrofuran, and 

20 1,4-dioxane. Tetrahydrofuran is the preferred solvent. The 
reaction is conducted by adding the reagents at a 
temperature of about -78 ®C to about 30®C, preferably either 
at about -78 ®C to minimize possible racemization, or at 
about room temperature should racemization not be 

25 problematic. The reagent solution is then warmed to room 
temperature, if necessary, and then heated to the reflux 
temperature of the solvent (67®C reflux temperature of 
preferred solvent THF) . 

Compounds of the formula XIII can be prepared as 

30 outlined in S. Kiyooka, et al., J, Ora> Chem> , 5409 (1989) 
and Y. Hamada, et al., Chem. Pharm> Bull. , 1921 (1982). 

Compounds of the formula XIV are either commercially 
available or can be prepared as outlined in L. Fieser and M. 
Fieser, Reagents for Organic Synthesis . John Wiley and Sons, 

35 New York, Vol. 1, p. 112 (1967). 
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Compounds of formula I (which include compounds claimed 
in the present application as well as in international 
published application nos. WO 93/18032 and WO 93/20073) are 
also prepared by catalytic reduction of a compound of the 
5 formula 




(XV) 



wherein is as defined above or is a substituent of the 
formula -COj-R^, R, is benzyl or substituted benzyl, and where 
R^, R^, and n are as defined above and X is chlorine, bromine 

20 or iodine (preferably bromine or iodine) under an atmosphere 
of hydrogen, preferably at a pressure of about 1 to 4 
atmospheres, or using a hydrogen source such as ammonixim 
formate or formic acid in an inert solvent. Suitable 
catalysts include 20% palladium (II) hydroxide on carbon, 

25 palladium on carbon, Raney nickel, platinum oxide, rhodium 
and ruthenium. The preferred catalyst is 2 0% palladium (II) 
hydroxide on carbon. Suitable solvents include to Cg 
alcohols, N, N-dimethylf ormamide, ethyl acetate and 
acetonitrile. The preferred solvent is ethanol. The 

30 reaction is generally conducted at a temperature of about 
O^C to about 60*^0, most preferably at about 25*»C. 

Compounds of formula XV are prepared by hydride 
reduction of a compound of the formula 

35 
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(XVI ) 



10 



15 



20 



25 



30 



wherein n and A are as defined above and X is chlorine, 

bromine or iodine (preferably bromine or iodine) with a 
hydride reducing agent in an inert solvent, as described for 
the hydride reduction of compounds of formula VI on page 15 
and 16 of the specification. Examples of A include t- 
butoxycarbonyl (BOC) and benzyloxycarbonyl (CBZ) , preferably 
CBZ (See T. W. Green, Protecting Groups in Organic 
Synthesis . John Wiley & Sons (1981) pp 218-287) . A side 
product of this reaction can be a compound of formula 1 
where X is hydrogen and R3 is methyl. 

Compounds of formula XVI can be prepared by the 
transition metal catalyzed cyclization of a compound of the 
formula 




<XVI I ) 



35 wherein Rj, n. A, and V are as defined above, and X is 
chlorine, bromine or iodine (preferably bromine or iodine) 
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10 



15 



and R,2 is -ORn as defined above or alkyl, aryl, or 
trif luoromethyl (preferably trif luoromethyl) in a suitable 
inert solvent with a phase transfer catalyst, a base and a 
suitable transition metal catalyst, as described for the 
transition metal catalyzed cyclization of a compound of 
formula VII on pages 16 to 17 of the specification. 
Examples of V include t-butoxycarbonyl (BOC) , 
benzyloxycarbonyl (CBZ) , and trif luoroacetyl, preferably 
trif luoromethylacetyl ( See T. W. Green, Protecting Groups in 
Organic Synthesis , John Wiley & Sons (1981) pp 218-287) . 

Compounds of formula XVII can be prepared by the 
Mitsunobu coupling reaction of compounds of formulae 




NH 



20 



X 



(XVI I I ) 




(XIX) 



Hcr 



25 



30 



wherein R2, n, Ri,, R|2 and X are as defined above using a 
phosphine and an azodicarboxylate in a suitable solvent, as 
described for the Mitsunobu coupling reaction of compounds 
of formulas VIII and IX on pages 17 and 18 of the 
specification . 

Compounds of formula XVIII, if not available 
commercially, can be prepared by reacting a compound of 
formula 



(XX) 



35 
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10 



wherein and X are as defined above wit:h the acid chloride 
or the symmetrical carboxylic anhydride of the formula 
V-O-V, where V is as defined above, in a suitable solvent 
with a suitable base, as described for the preparation of 
compounds of formula VIII on pages 18 and 19 of the 
specification . 

Compounds of formula XX, if not available commercially, 
can be prepared by reacting a compound of formula 

r2 



(XXI ) 




15 



20 



25 



30 



wherein R2 is as defined above with either chlorine, bromine 
or iodine in a suitable solvent with a suitable base, as 
described for the preparation of compounds of formula X on 
page 17 of the specification, except that two equivalents of 
halogen are rec[uired. 

Compounds of the formula XXI, if not commercially 
available, can be prepared as described for the preparation 
of the compounds of formula XI on page 19 of the 
specification . 

Compounds of formula I are also prepared by reaction of 
a compound of formula 



N-R- 



R 



R. 



NSO 




(XXII) 
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wherein R^, R3, R5, m and n are as defined above and R14 is a 
suitable sulfonamide N protecting group such as t-butyl or 
benzyl^ preferably t-butyl. Suitable conditions for 
removing such a protecting group are known in the art, for 
5 example, when R,4 is t-butyl, treatment with a strong acid 
such as trif luoroacetic acid or hydrochloric acid. In the 
case of trif luoroacetic acid, the acid can be used neat, or 
in a suitable inert solvent such as diethyl ether or 
dichloromethane . 

10 Alternatively, protection of the indole ring in situ 

can be achieved by initial treatment with an indole-N-1 
acylating agent, such as acetic anhydride or acetyl 
chloride, using procedures known in the art. For example 
where acetic anhydride is used, the acylating agent can be 

15 used neat, or in a suitable inert solvent, such as diethyl 
ether or dichloromethane. This is followed by removal of 
the sulfonamide N protecting group, R14, as outlined above 
and then hydrolytic removal of the indole-l-acyl protecting 
group using a suitable hydrolytic agent known in the art, 

20 such as a hydroxide or carbonate salt, preferably potassium 
carbonate in a suitable solvent. Suitable solvents include 
Ci to alcohols, preferably methanol or ethanol. The above 
process can be carried out as a one pot procedure to afford 
compounds of formula I directly from compounds of formula 

25 XXII. 

Unless indicated otherwise, the pressure of each of the 
above reactions is not critical. Generally, the reactions 
will be conducted at a pressure of about one to about three 
atmospheres, preferably at ambient pressure (about one 

30 atmosphere) . 

The compounds of the formula I which are basic in 
nature are capable of forming a wide variety of different 
salts with various inorganic and organic acids. Although 
such salts must be pharmaceutically acceptable for 

35 administration to animals, it is often desirable in practice 
to initially isolate a compound of the formula I from the 
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reaction mixture as a pharmaceutically unacceptable salt and 
then simply convert the latter back to the free base 
compound by treatment with an alkaline reagent, and 
subsequently convert the free base to a pharmaceutically 
5 acceptable acid addition salt. The acid addition salts of 
the base compounds of this invention are readily prepared by 
treating the base compound with a substantially ec[uivalent 
amount of the chosen mineral or organic acid in an aqueous 
solvent medium or in a suitable organic solvent such as 

10 methanol or ethanol. If necessary, upon careful evaporation 
of the solvent, the desired solid salt is obtained. 

The acids which are used to prepare the 
pharmaceutically acceptable acid addition salts of the base 
compounds of this invention are those which form non-toxic 

15 acid addition salts ^ i.e., salts containing 
pharmacologically acceptable anions, such as hydrochloride, 
hydrobromide , hydroiodide, nitrate, sulfate or bisulfate, 
phosphate or acid phosphate, acetate, lactate, citrate or 
acid citrate, tartrate or bitartrate, succinate, maleate, 

2 0 f umar ate , gluconate , saccharate , benzoate , methanesulf onate 

and pamoate [i.e., 1 # 1 ' -methy lene-bis- ( 2 -hydroxy-3 - 
naphthoate) ] salts. 

Those compounds of the formula I which are also acidic 
in nature, e.g., where R2 contains a carboxylate, are capable 
25 of forming base salts with various pharmacologically 
acceptable cations. Examples of such salts include the 
alkali metal or alkaline-earth metal salts and particularly, 
the sodium and potassium salts. These salts are all 
prepared by conventional techniques. The chemical bases 

3 0 which are used as reagents to prepare the pharmaceutically 

acceptable base salts of this invention are those which form 
non-toxic base salts with the herein described acidic 
compounds of formula I. These non-toxic base salts include 
those derived from such pharmacologically acceptable cations 
35 as sodium, potassium calcium and magnesium, etc. These 
salts can easily be prepared by treating the corresponding 
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acldic compounds with an aqueous solution containing the 
desired pharmacologically acceptable cations, and then 
evaporating the resulting solution to dryness, preferably 
under reduced pressure. Alternatively, they may also be 
5 prepared by mixing lover alkanolic solutions of the acidic 
compounds and the desired alkali metal alkoxide together, 
and then evaporating the resulting solution to dryness in 
the same manner as before. In either case, stoichiometric 
quantities of reagents are preferably employed in order to 

10 ensure completeness of reaction of maximum product of yields 
of the desired final product. 

The preferred salt of (R) -5- (2-phenylsulphonylethyl) -3- 
(N-methylpyrrolidin-2-ylmethyl) -IH-indole in solid dosage 
forms is the crystalline, polymorphic a-form of the 

15 hydrobromide salt of the compound. The a-form is 
crystalline, of suitable melting point, non-hygroscopic, 
compressible and possesses solid-state stability , coupled 
with acceptable solubility and dissolution behavior. The a- 
form can be produced using methods know in the art, 

20 including, for example, by any of the following three 
routes. The first route involves treatment of (R)-5-(2- 
phenylsulphonylethyl) -3-(N-methylpyrrolidin-2-ylmethyl) -IH- 
indole in a suitable solvent, preferably acetone, at room 
temperature, with an aqueous solution of hydrogen bromide 

25 (e.g, , 49%) , followed by crystallization of the isolated 
crude oil from a suitable solvent, preferably 2-propanol, 
thus affording the a-form. The second route involves first 
forming the B-form by treatment of (R)-5-(2- 
phenylsulphonylethyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH- 

30 indole in a suitable solvent, preferably acetone or a ether 
solvent such as tetrahydrof uran or 1, 2 -dimethoxy ethane, more 
preferably 1 , 2-dimethoxy ethane, at a temperature of from O 
to 10®C, with an aqueous solution of hydrogen bromide (e.g., 
49%) , furnishing the B-form. Crystallization of the B-form 

35 from a suitable solvent, preferably aqueous acetone, 
followed by slurrying of the resulting mixture, gives the 
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desired a-form. The third route involves treatment of (R) - 
5- (2 -phenyl sulphonyl ethyl) - 3- (N-methy lpyrrolidin-2 - 
ylmethyl) -IH-indole in a suitable solvent^ preferably 
acetone, at from 0 to 5^C with an aqueous solution of 
5 hydrogen bromide (e.g. , 62%) and then slurrying of the 
reaction mixture, optionally followed by heating under 
reflux, cooling and further slurrying, provides the required 
a-form. 

The preferred salt of (R) -5- (methylaminosulf onyl- 

10 methyl) -3- (N-methy lpyrrolidin-2-ylmethyl) -IH-indole is the 
fumarate salt thereof, which can be prepared by combining 
(R) -5-(methylaminosulf onyl-methyl) -3- (N-methy lpyrrolidin-2- 
ylmethyl) -IH-indole with about one equivalent of fumaric 
acid in methanol. The methanol is then distilled out and 

15 replaced with an equal amount of acetonitrile, thus causing 
crystallization of the salt. 

The compounds of the formula I and the pharmaceutically 
acceptable salts thereof (hereinafter, also referred to as 
the active compounds of the invention) are useful 

20 psychotherapeutics and are potent serotonin (S-HTJ agonists 
and may be used in the treatment of depression, anxiety, 
eating disorders, obesity, drug abuse, cluster headache, 
migraine, chronic paroxysmal hemicrania and headache 
associated with vascular disorders, pain, and other 

25 disorders arising from deficient serotonergic 
neurotransmission. The compounds can also be used as 
centrally acting antihypertensives and vasodilators. 

The active compounds of the invention are evaluated as 
anti-migraine agents by testing the extent to which they 

30 mimic sumatriptan in contracting the dog isolated saphenous 
vein strip (P. P. A. Humphrey et al., Br. J. Pharmacol . > 94 , 
1128 (1988)). This effect can be blocked by methiothepin, 
a known serotonin antagonist. Sumatriptan is known to be 
useful in the treatment of migraine and produces a selective 

35 increase in carotid vascular resistance in the anaesthetized 
dog. It has been suggested (W. Fenwick et al., Br. J. 
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Pharmacol . , 96, 83 (1989)) that this is the basis of its 
efficacy. 

ECjo's for the compounds of formula I tested for 
contracting the dog isolated saphenous vein strip, using the 
5 procedure referred to above, were less than 10^ M. 

The active compounds of the present invention are also 
evaluated via the inhibition of plasma protein extravasation 
response within the dura mater of guinea pigs following 
unilateral electrical trigeminal ganglion stimulation. The 

10 extent to which they mimic sumatriptan, in terms of both 
potency and efficacy, is determined in this assay. The 
procedure is performed on male Hartley guinea pigs (200-250 
g, Charles River Laboratories, Wilmington, MA, U.S.A.) as 
described in Markowitz et al., J. Neurosci . , 7 (12), 4129- 

15 4136 (1987) and also in Lee, et al.. Brain Reseach, 626 , 
303-3 05 (1993) . The procedure briefly consists of placing 
pentobarbitone-anesthetized animals in a stereotaxic frame. 
'^I-BSA (bovine serum albumin) (50 fiCx/Kg'^) is first injected 
into the femoral vein, followed 5 minutes later by drug or 

20 vehicle. Bipolar electrodes are then lowered into the 
trigeminal ganglia, and the right ganglion is stimulated for 
5 minutes (1.2 mA, 5 Hz, 5 msec). The animal is then 
perfused with saline through the left cardiac ventricle and 
sacrificed, and the dura mater is dissected, weighed, and 

25 counted for radioactivity. Cpm/mg wet weight values are 
determined for the right vs left dura mater, and a ratio for 
the stimulated vs unstimulated sides is generated for each 
animal. Unpaired student's t-test is used to statistically 
compare these ratio values in respective groups treated with 

30 vehicle or drug. The M.E.D. (minimally effective dose) for 
a given compound is the lowest dose for which the mean value 
of this ratio is significantly lower than that obtained for 
the vehicle-treated group. The effect of the drugs in these 
assays can be partially blocked by metergoline, a known 

35 serotonin antagonist. 
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A similar procedure to the one described above can be 
performed on rats^ as described in Matsubara, et al., Br. J. 
Pharmacol. . 104 . 3 (1991). 

The active compounds of the invention may also be 
5 useful in the treatment of headache associated with 
meningeal irritation, including bacterial, fungal, viral, 
parasitic, and chemical meningitis, acquired immune 
deficiency syndrome (AIDS) meningovascular inflammation, and 
subarachnoid hemorrhage. [See W. S. Lee, et al.. Evidence 

10 Using Conf ormationally Restricted Sumatriptan Analogues, CP- 
122,288 and CP-122,638, that 5-HTid Receptors Do Not Mediate 
Blockade of Neurogenic Inflammation, 2 3rd Annual Meeting of 
the Society for Neuroscience, Washington, D.C., November 7- 
12, 1993, Abstract #565.6; K. Nozaki, et al., CP-93,129, 

15 Sumatriptan, Di-hydroergotamine Block c-fos Expression 
Within Rat Trigeminal Nucleus Caudalis Caused by Chemical 
Stimulation of The Meninges, Br. J. Pharmacol . (1992) , 106 , 
409; and Lee, et al. Brain Research . 626, 303-305 (1993).] 
The compositions of the present invention may be 

20 formulated in a conventional manner using one or more 
pharmaceutically acceptable carriers. Thus, the active 
compounds of the invention may be formulated for oral, 
buccal, intranasal, parenteral (e.g., intravenous, 
intramuscular or subcutaneous) or rectal administration or 

25 in a form suitable for administration by inhalation or 
insuf f lation . 

The compounds of the present invention may be useful in 
the treatment of a considerable number of diseases. These 
include dermatological disorders, including psoriasis; 

30 eczema and atopic eczematous dermatitis; intractable itch 
(pruritus) , including itch associated with liver cirrhosis, 
cancer and haemodialysis ; burns and scalds; sunburn; insect 
bites, urticaria and sweat gland abnormalities. Other 
dermatological disorders include bullous penphgoid, photo 

35 dermatoses, skin blisters, adult acne, chicken pox and 
dermatitis herpetif unus. 
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O'ther diseases which may be treated with the compounds 
of the present invention are peripheral neurophathies 
including postherpetic neuralgia, diabetic neuropathies such 
as peripheral polyneuropathy and radiculopathy; causalgia 
5 and reflex sympathetic dystrophy; post-mastectomy neuralgia; 
post-surgical neuralgia and pain; vulvar vestibulitis; 
phantom limb pain; thalamic syndrome (central post-stroke 
pain) ; tempore mandibular joint syndrome; metarsalgia 
(Morton's neuralgia); and neurogenic pain from nerve 

10 compression caused, for example, by a prolapsed 
intervertebral disc or carpal and tarsal tunnel syndromes. 

The above-mentioned compounds may also be useful in 
alleviating arthritis, including osteoarthritis, rheumatoid 
arthritis, systemic lupus erythrematosus , fibromyalgia, 

15 ankylosing spondilitis and tendinitis. They are also 
effective against gastrointestinal and urogenital diseases 
including cystitis, gastroesophargeal reflux, gastritis, 
urge continence, inflammatory bowel disease and irritable 
bowel syndrome; they are effective in regulatory 

20 gastrointestinal tract motility. 

The compounds may also be used in the treatment of 
headache asociated with substances or their withdrawal (e.g. 
drug withdrawal) , tension headache, pediatric migraine and 
prophylaxis of migraine and post-traumatic dysautonomic 

25 cephalgia. 

They may also be used for treating orofacial pain (for 
example toothache and pain of dental origin, earache, TMJ 
pain, sinus pain, myofacial pain, non-arthritic and non- 
musculoskeletal cervical pain), mouth ulcers, Meniere's 

3 0 disease and atypical facial neuralgia, and also allergic and 
chronic obstructive airways diseases such as rhinitis, 
conjunctivitis, bronchial oedema, bronchial asthma, 
neurological pulmonary oedema (adult respiratory disease 
syndrome) , anaphylaxis and angioedema. The compounds are 

35 also efficacious in treating ocular pressure or glaucoma and 
ocular inflammation. 
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It is believed that: the compounds of formula I and 
their salts are efficacious against emesis caused by several 
factors not associated with migraine, including emesis 
induced by anaesthesia, cancer chemotherapy and by motion 
5 (seasickness, space and airsickness) • 

The activity of the compounds as anti-emetics may be 
demonstrated by the method of Tatersall et al and Bountra et 
al ( European Journal of Pharmacology , 250 (1993) R5 and 249 
(1993) R3-R4) . In this method the extent to which they 

10 reduce the latency or the number of retches and/ or vomits 
induced by emetogins in the conscious ferret compared to 
vehicle - treated animals is measured. It is found that the 
compounds are effective against emesis caused by a wide 
range of emetogeny, extending from local irritants to anti- 

15 cancer radiation treatment. 

Compounds of formula I described above but for the fact 
that one or more hydrogen, oxygen, or nitrogen atoms are 
replaced by radioactive isotopes thereof. Such 
radiolabelled compounds are useful as research or diagnostic 

20 tools in metabolism pharmacokinetic studies and in binding 
assays. Specific applications could include the discovery 
of novel receptors involved in the pathogenesis of 
neurogenic inflammation, leading to diseases such as 
migraine. Isotopes included among the radiolabelled forms 

25 of these compounds are the and ^"^C isotopes thereof (e.g. 
the and N-(^H3) -methyl [i.e. , having CT3 on the 

pyrrolidinyl nitrogen]), for example, (R) -N-methyl-3- (1- 
methyl-2-pyrrolidinylmethyl) - lH-[7-^H]-indol-5- 
yl ] methanesulf onamide , (R) -N-methyl-[ 3- ( 1 -methyl -2- 

30 pyrrol idiny Ime thy 1) -lH-[7-^H]-indol-5-yl] methanesulf onamide, 
and (R) -N-methyl- [ 3- ( 1- (^Hj) methyl-2-pyrrolidinylmethyl) -IH- 
indol-5-yl]methanesulphonamide. The and 

derivatives of the invention can be prepared by the 
deuteration or tritiation of the corresponding 7-bromo- 

3 5 derivative, preferably in the presence of pre-reduced 
Pearlman's catalyst in an organic solvent such as ethanol. 
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The ^Hj (i.e., tri-tritiated derivative) can be prepared by 
the reaction of the corresponding compound having no 
substitution on the pyrrolidinyl nitrogen, preferably as a 
salt such as the hydrobromide, with methyl iodide, 

5 preferably in the presence of a base such as potassium 
carbonate • 

For oral administration, the pharmaceutical 
compositions may take the form of, for example, tablets or 
capsules prepared by conventional means with 

10 pharmaceutically acceptable excipients such as binding 
agents (e.g. pr egelat inised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose) ; 
fillers (e.g. lactose, microcrystalline cellulose or calcium 
phosphate) ; lubricants (e.g. magnesium stearate, talc or 

15 silica) ; disintegrants (e.g. potato starch or sodium starch 
glycol late) ; or wetting agents (e.g. sodium lauryl 
sulphate) . The tablets may be coated by methods well known 
in the art. Liquid preparations for oral administration may 
take the form of, for example, solutions, syrups or 

20 suspensions, or they may be presented as a dry product for 
constitution with water or other suitable vehicle before 
use. Such liquid preparations may be prepared by 

conventional means with pharmaceutically acceptable 
additives such as suspending agents (e.g. sorbitol syrup, 

25 methyl cellulose or hydrogenated edible fats) ; emulsifying 
agents (e.g. lecithin or acacia) ; non-aqueous vehicles (e.g. 
almond oil, oily esters or ethyl alcohol) ; and preservatives 
(e.g. methyl or propyl p-hydroxybenzoates or sorbic acid) . 
For buccal administration the composition may take the 

3 0 form of tablets or lozenges formulated in conventional 
manner . 

The active compounds of the invention may be formulated 
for parenteral administration by injection, including using 
conventional catheterization techniques or infusion. 
35 Formulations for injection may be presented in unit dosage 
form e.g. in ampules or in multi-dose containers, with an 
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added preservative. The coinposit:ions may t:ake such forms as 
suspensions, solut:ions or emulsions in oily or aqueous 
vehicles, and may contain formulating agents such as 
suspending, stabilizing and/or dispersing agents. 
5 Alternatively, the active ingredient may be in powder form 
for reconstitution with a suitable vehicle, e.g. sterile 
pyrogen-free water, before use. 

The active compounds of the invention may also be 
formulated in rectal compositions such as suppositories or 

10 retention enemas, e.g., containing conventional suppository 
bases such as cocoa butter or other glycerides. 

For intranasal administration or administration by 
inhalation, the active compounds of the invention are 
conveniently delivered in the form of a solution or 

15 suspension from a pump spray container that is squeezed or 
pumped by the patient or as an aerosol spray presentation 
from a pressurized container or a nebulizer, with the use of 
a suitable propellant, e.g. dichlorodif luoromethane, 
tr ichlorof luoromethane , dichlorotetraf luoroethane , carbon 

20 dioxide or other suitable gas. In the case of a pressurized 
aerosol, the dosage unit may be determined by providing a 
valve to deliver a metered amount. The pressurized 
container or nebulizer may contain a solution or suspension 
of the active compound. Capsules and cartridges (made, for 

25 example, from gelatin) for use in an inhaler or insufflator 
may be formulated containing a powder mix of a compound of 
the invention and a suitable powder base such as lactose or 
starch . 

A proposed dose of the compound (R) -5- 
30 (methy laminosulf ony Imethy 1 ) -3- (N-methy lpyrrolidin-2- 
ylmethyl) -iH-indole for oral, parenteral or buccal 
administration to the average adult human for the treatment 
of the conditions referred to above (e.g., migraine) is 0.1 
^lg to 200 mg of the active ingredient per unit dose which 
35 could be administered, for example, 1 to 4 times per day. 
In one embodiment, the pharmaceutical composition includes 



0.1 fxg to less than 0.1 mg of the active ingredient per unit 
dose, and in another embodiment, the pharmaceutical 
composition includes 0.1 /xg to 0.09 mg of the active 
ingredient per unit dose. 
5 A proposed dose of the compound (R) -5- 

(aminosulf onylmethyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
indole for oral, parenteral or buccal administration to the 
average adult human for the treatment of the conditions 
referred to above (e.g., migraine) is 0.1 /xg to 200 mg of 

10 the active ingredient per unit dose which could be 
administered, for example, 1 to 4 times per day. In one 
embodiment, the pharmaceutical composition includes 0.1 /xg 
to less than 0.1 mg of the active ingredient per unit dose, 
and in another embodiment, the pharmaceutical composition 

15 includes 0.1 /xg to 0.09 mg of the active ingredient per unit 
dose. 

A proposed dose of the compound (R)-5- 
(methylaminosulf onylmethyl) -3- (pyrrolidin-2-ylmethyl) -IH- 
indole for oral, parenteral or buccal administration to the 

20 average adult human for the treatment of the conditions 
referred to above (e.g., migraine) is 0.01 /xg to 200 mg of 
the active ingredient per unit dose which could be 
administered, for example, 1 to 4 times per day. In one 
embodiment, the pharmaceutical composition includes 0.01 /xg 

25 to less than 0.1 mg of the active ingredient per unit dose, 
and in another embodiment, the pharmaceutical composition 
includes 0.01 /xg to 0.09 mg of the active ingredient per 
unit dose. 

A proposed dose for the other active compounds of the 
30 invention for oral, parenteral or buccal administration to 
the average adult human for the treatment of the conditions 
referred to above (e.g., migraine) is 0.1 to 200 mg of the 
active ingredient per unit dose which could be administered, 
for example, 1 to 4 times per day. 
3 5 Aerosol formulations for treatment of the conditions 

referred to above (e.g. , migraine) in the average adult 
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human are preferably arranged so that each metered dose or 
"puff" of aerosol contains 0.01 /xg to 1000 /ig of the 
compounds (R) -5- (methylaminosulf onylmethyl) -3- (N-methyl- 
pyrrolidin-2-ylmethyl) -IH-indole, (R) -5- 
5 (aminosulf onylmethyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
indole or (R) -5- (methylaminosulf onylmethyl) -3- (pyrrolidin-2- 
ylmethyl) -IH-indole. In one embodiment, each metered dose 
or "puff" of aerosol contains 0.01 fxg to less than 20 /itg of 
the active ingredient, and in another embodiment, each 

10 metered dose or "puff" of aerosol contains 0.01 /ng to 19 /xg 
of the active ingredient. The overall daily dose with an 
aerosol will be within the range 0.05 /ig to 10 mg. In one 
embodiment, the overall daily dose with an aerosol will be 
within the range 0.05 /xg to less than 100 fig of the active 

15 ingredient, and in another embodiment, the overall daily 
dose with an aerosol will be within the range 0.05 /xg to 99 
/xg of the active ingredient. Administration may be several 
times daily, for example 2, 3, 4 or 8 times, giving for 
example, 1, 2 or 3 doses each time. 

20 Aerosol formulations for treatment of the conditions 

referred to above (e.g., migraine) in the average adult 
hiiman are preferably arranged so that each metered dose or 
"puff" of aerosol contains 20 /tg to 1000 /xg of the other 
compounds of the invention. The overall daily dose with an 

25 aerosol will be within the range 100 /xg to 10 mg. 
Administration may be several times daily, for example 2, 3, 
4 or 8 times, giving for example, 1, 2 or 3 doses each time. 

The above-cited ranges will generally be those most 
desirably employed in the administration of the active 

30 compounds. Nevertheless, variations may still occur 

depending on the age, weight, the patient's individual 
response to the compound being administered, as well as the 
severity of the condition for which he, or she, is being 
treated and the type of pharmaceutical formulation chosen 

35 and time period and interval at which such administration is 
carried out. In some instances, dosage levels below the 



-38- 

lower limit: of the aforesaid ranges may be more than 
adequate, while in other cases still larger doses may be 
employed without causing harmful s.ide effects provided that 
such higher dose levels are first divided into small doses 
5 for administration throughout the day. 

The following Examples illustrate the preparation of 
the compounds of the present invention. Melting points are 
uncorrected. NMR data are reported in parts per million (S) 
and are referenced to the deuterium lock signal from the 
10 sample solvent. Specific rotations were measured at room 
temperature using the sodium D line (589 nm) . 

Commercial reagents were utilized without further 
purification. Chromatography refers to column 

chromatography performed using 32-63 nm silica gel and 
15 executed under nitrogen pressure or compressed air pressure 
(flash chromatography) or gravity conditions. Room 
temperature refers to 20 - 25®C. 

EXAMPLE 1 

General Procedure for the Reduction of Benzyloxy" 

20 carbonyl- pyrrolidin»2'-ylcarbonyl»lH*indole^ N-BenzyloxY" 
carbonvl-a2etidin-2"Vlcarbonvl»lH- indoles « or K'-Benzyloxy*' 
carbonvl-piperidin-2-ylcarbonYl-lH" indoles Forming 3- CN** 
Methyl- pvrrolidin-2-vlmethvl)"lH-indoles. 3-(N-Methvl- 
azetidin-2-vlmethvl) -IH^indoles, or 3** (N-Methvlpiperidin*'2- 

25 vlmethvl) -lH-indoles> respectively. 

To a stirred solution of (R)- or (S)-(N- 
benzyloxycarbonylpyrrolidin-2-ylcarbonyl) -IH-indole, 
(R)-, (S) , or (R, S) - (N-ben2yloxycarbonylazetidin-2- 
ylcarbonyl) -IH-indole, or (R)-, (S)-, or (R,S)-(N- 

3 0 benzy loxycarbony Ipiper idin-2 -y Icarbony 1 ) -IH- indole , (5.00 
mmol) in anhydrous tetrahydrofuran (20mL) at room 
temperature under nitrogen was carefully added lithium 
aluminum hydride (0.57 g, 15.0 mmol, 3.0 eg) as a powder, 
and the resulting mixture was stirred at room temperature 

35 under nitrogen for 1 hour. The mixture was then heated at 
reflux (66**C) under nitrogen for 12 hours. The reaction was 
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then quenched with successive additions of water (0.5 mL) , 
aqueous sodium hydroxide (20%, 0.5 mL) , and then additional 
water (1.0 mL) , and the resulting mixture filtered through 
diatomaceous earth (Celite (trademark) ) . The solids were 
5 then washed with copious amounts of ethyl acetate (50 mL) . 
The combined filtrate was then washed with water (20 mL) , 
dried (MgS04) , and evaporated under reduced pressure. The 
residue was then column chromatographed using silica gel (50 
g) and elution with the appropriate solvent system to afford 

10 the 3- (N-methylpyrrolidin-2-ylmethyl) -IH-indole, 3-(N- 
methy la z et idin-2 -y Imethy 1 ) -IH- indole, or 3- (N- 
methylpiperidin-2-ylmethyl) -IH-indole. Following this 

procedure the following compounds were prepared: 

A* (S) -5-MethoxY-3- (N-methvlPvrrolidin-2-vlmethvl) -IH" 

15 indole 

(S) - (N-Benzyloxycarbonylpyrrolidin-2-ylcarbonyl) -5- 
methoxy-lH- indole was used. The chromatographic eluent was 
8% triethylamine in ethyl acetate to afford the title 
compound (yields ranged from 22 to 57%) as an oil: IR 

20 (CHCI3) 3475, 1625, 1585, 1480, 1455 cm-S" *H NMR (CDCI3) S 
8.13 (br s, IH) , 7.23 (d, J=8 . 8 Hz, IH) , 7.04 (d, J=2.4 Hz, 
IH) , 6.97 (d, J=2.2 Hz , IH) , 6.84 (dd, J=2 . 4 and 8.8 Hz, 
IH) , 3.86 (s, 3H) , 3.17-3.10 (m, 2H) , 2.58 (dd, J=9 . 9 and 
13.9 Hz, IH) , 2.50-2.40 (m, IH) , 2.47 (s, 3H) , 2.26-2.17 (m, 

25 IH) , 1.89-1.72 (m, 2H) , 1.70-1.52 (m, 2H) ; "CNMR (CDCI3) S 
153.8, 131.4, 128.2, 122.7, 113.9, 111.8, 111.7, 101.1, 
66.6, 57.5, 56.0, 40.8, 31.5, 30.0, 21.9; LRMS, m/z 
(relative intensity) 244 (M"*", 7), 160 (20), 145 (16), 117 
(21), 84 (100); HRMS: calculated for C15H20N2O: 244.1573; 

30 found: 244.1575; [aj^^p = -96« (CHCI3, c = 1.0). 

B. (R) -5-MethoxY-3- (N-methvlPYrrolidin-a-YlPQ^^^vJ-^ -1H» 
indole 

(R) - (N-Benzyloxycarbonylpyrrolidin-2-ylcarbonyl) -5- 
methoxy-lH-indole was used. The chromatographic eluent was 
35 8% triethylamine in ethyl acetate to afford the title 
compound (yields ranged from 13 to 61%) as an oil whose 
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spectral and physical properties were identical with the 
spectral and physical properties of the title compound of 
Example lA with the exception of specific rotation of plane 
polarized light: [cl]^^^ = + 100* (CHCI3, c = 1.0). HRMS: 
5 calculated for Ci5H2oN20: 244.1573; found: 244.1547. 

C. CR) -5"DibenzYlamino-3- CN-methvlPYrrolidin-2- 
vlmethvH *1H* indole 

(R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylcarbonyl) -5- 
dibenzylamino-lH-indole was used. Column chromatography 

10 using elution with methylene chloride/methanol/ammonitim 
hydroxide [9:1:0.1] afforded the title compound as a pale 
green foam: *H NMR (CDCI3) S 7.82 (br s, NH) , 7.35-7.19 (m, 
10 H) , 7.20 (d, J=8.6 Hz, IH) , 6.95 (d, J=2 . 1 Hz, IH) , 6.85 
(dd, J=2.3 and 8.7 Hz, IH) , 6.80 (d, J=2 . 2 Hz, IH) , 4.65 (s, 

15 4H) , 3.25-3.02 (m, 2H) , 2.52 (dd, J=9 . 5 and 13.9 Hz, IH) , 
2.39-2.15 (m, 2 H) , 2.30 (s, 3H) , 1.85-1.40 (m, 4H) ; ^^C NMR 
(CDCI3) S 143.2, 139-7, 130.5, 128.5, 128.2, 127.3, 126.8, 
122.9, 112.5, 112.2, 111.8, 103.4, 67.0, 57.4, 56.4, 40.6, 
31.4, 29.7, 21.9. HRMS: calculated for CjgHsiNj 409.2520. 

20 Found 409.2475. 

D. (R) -S-Methoxv-B-- (N->methvlPiperid-2-vlmethvH -IH- 
indole 

(R) -3- (N-Benzyloxycarbonylpiperid-2-ylcarbonyl) -5- 
methoxy-lH-indole was used. Column chromatography using 

25 elution with 6% triethylamine in ethyl acetate afforded the 
title compound as a white foam: "C NMR (CDCI3) 6 153.7, 
131.4, 128.3, 123.3, 113.2, 111.7, 111.6, 101.2, 64.4, 57.2, 
55.9, 43.4, 31.0, 28.8, 25.9, 24.1; [d]^D = +67*^ (CDCI3, 
c=1.0); HRMS: calculated for C16H22N2O: 258.1734. Found: 

30 258.1710. 

E. (S) -5-Methoxv-3- f N-methvlazetidin-2-vlmethvl) -IH- 
indole 

(S) -3- (N-Benzyloxycarbonylazetidinyl-2-ylcarbonyl) -5- 
methoxy-lH-indole was used. The chromatographic eluent was 
35 8% triethylamine in ethyl acetate to afford the title 
compound as a white solid: mp, 118 . 0-120 . 0<*C; NMR (CDCI3) 
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5 153.8, 131.6, 128.0, 122.9, 112.3, 111.9, 111.8, 101.0, 
68.5, 56.0, 53.1, 44.7, 32.4, 25.0; [a]^D = -44« (CHCI3, 
c=1.0). Anal, calcd for C14H18N2O: C, 73.01; H, 7.88, 
12.16. Found: C, 72.65; H, 7.91; N, 12.06. 
5 F. (R, 8) -5-Methoxv3- (N-methvlazetidin-2-vlmethvll - 

IH-indole 

(R, S) -3- (N-BenzyloxycarbonYlazetidinyl-2-ylcarbonyl) -5- 
methoxy-lH- indole was used. The chromatiographic elue't was 
10% triethylamine in ethyl acetate to afford the title 
10 compound as a white solid: mp, 116 . 0-119 . 0®C; Anal, calcd 
for Ci4H,8N20: 73.01; H, 7.88; N, 12.16. Found: C, 72.61; 

H, 7.99; N, 12.10. 

EXAMPLE 2 

General Method for the Hydroaenation of 5- (2-Sulf onyl- 
15 ethenyl) -3- (N-methvlpvrrolidin"2-vlinethYl) ^IH-indolea to 
Form 5- (2-Sulf onylethyl) -3- (N-methvlpyrrolidin-2-ylmethYH - 
IH-indoles 

A solution of 5- (2-sulf onylethenyl) -3- (N- 
iaethylpyrrolidin-2-yl) -IH-indole (0.47 nmol) and 10% Pd/C 

20 (0.150 g) in ethanolic hydrogen chloride [prepared from 
absolute ethanol (10 mL) and acetyl chloride (43 /xL) ] ^nd N, 
N-dimethylf ormamide (7.5 mL) was shaken under a hydrogen 
atmosphere (15 psi) at room temperature for 20 hours. The 
resultant reaction mixture was filtered through diatomaceous 

25 earth (Celite (trademark)), washed with absolute ethanol, 
and the combined filtrates were evaporated under reduced 
pressure. The residue was partitioned between ethyl acetate 
and water. The organic phase was separated, washed with 
water (3x) , brine (Ix) , dried (Na2S04) , and evaporated under 

30 reduced pressure to afford a yellow oil. Column 
chromatography of this oil using silica gel and elution with 
methylene chloride/absolute ethanol/ammonia (90: 10 : 1) 
afforded the appropriate 5- (2-Ethylsulf onylethyl) -3-(N- 
methylpyrrolidin-2-ylmethyl) -IH-indole. Following this 

35 procedure, the following compounds were prepared: 
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A. CR) "5- (2-Ethvl3ulf onvlethvl) -3- CN-methvlPvrrolidin- 
2-vlmet:hvl) -IH-Indole 

(R) -5-trans- ( 2 -Ethy Isulf ony letheny 1 ) -3- (N- 
methylpyrrolidin-2-ylinethyl) -IH-indole (Example 4A) was 
5 reduced as described above. Chromatography afforded the 
title compound (0.33 mmol, 70%) as a gum: TLC 
(CH2Cl2:EtOH:NH3, 90:10:1): Rf=0.3; [a]2^D = + 62« (methanol, 
c = 0,10) • Anal. Calcd for CigH26N202S • 0.05 CH2CI2: 
63.21; H, 7.67; N, 8.17; found: 63.55; 7.61; N, 8.41. 

10 B. (R) -5- (2-Methvlaminosulf onylethYl^ -3- gN-methvl» 

pvrr o 1 id in- 2 -V Ime t hv 1) - IH- indo le 

(R) - 5-trans- ( 2 -Methyl ami nosul f ony letheny 1 ) -3- (N- 
methylpyrrolidin-2-ylmethyl) -IH-indole (Example 4B) was 
reduced as described above. Chromatography afforded the 
15 title compound (65%) as a foam. Anal. Calcd for C17H25N3O2S • 
0.1 CH2CI2: C, 59.71; H, 7.39; N, 12.12; found: C, 59.66; 
H, 7.14; N, 11.90. 

EXAMPLE 3 

General Synthesis of B^tN^-BenzvloxycarbonYlpYgrolidin" 
20 2-ylcarbonYl) -IH-indoles 3* (N-*Benzvloxvcarbonvlazetidin-2» 
vlcarbonyl) -iH-indoles. or 3- (N-Benzvloxycarbonylpiperidin^- 
2-vlcarbonYl) -iH-indoles. 

Two solutions containing the reactants were prepared 
separately as follows. To a stirred solution of N- 

25 carbobenzyloxyproline (D or 3.10 g, 12.4 mmol^ 1 eq) or 
N-carbobenzyloxyazetidine-2-carboxylic acid (R or S or 
racemate, 12.4 mmol) or N-carbobenzyloxypipecolinic acid (R 
or S or racemate, 12.4 mmol) in anhydrous methylene chloride 
(7 mli) with one drop dimethylf ormamide was added oxalyl 

30 chloride (1.60 mL, 18.4 mmol, 1.5 eq) , and the resulting 
effervescing solution was stirred at room temperature under 
nitrogen for 1.5 hours. The solution was then evaporated 
under reduced pressure, and any remaining solvent was 
removed from the residual oil using high vacuum to afford 

35 the N-benzyloxycarbonylproline acid chloride. At the same 
time, a solution of ethylmagnesium bromide (3.0 M in ether. 
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4.13 mL, 12.4 mmol, 1 eq) was added to a stirred solution of 
the indole (12,4 mmol) in anhydrous ether (50 mL) , and this 
cloudy solution was heated at reflux under nitrogen for 1,5 
hours to form the indolemagnesium bromide salt. The proline 
5 acid chloride was then dissolved in methylene chloride or 
ethyl ether (3 mL) , and this solution was added dropwise to 
the stirred solution of the indolemagnesium bromide salt at 
room temperature, and the resultant reaction mixture was 
stirred at room temperature under nitrogen for 1 hour. A 

10 saturated solution of sodium hydrogen carbonate (25 mL) and 
ethyl acetate (50 mL) was then added to the reaction 
mixture, and this mixture was vigorously stirred for 15 
minutes. The resulting mixture was filtered through 
diatomaceous earth (Celite (trademark) ) , the solids washed 

15 with copious amounts of ethyl acetate, and the ethyl acetate 
layer was separated from the aqueous layer which was 
extracted with ethyl acetate (2 x 25 mL) . All ethyl acetate 
extracts were combined, dried, and evaporated under reduced 
pressure. The residual oil/solid was flash chromatographed 

20 using silica gel (250 g) and eluted with an appropriate 
solvent system to afford the desired 3-(N- 
benzyloxycarbonylpyrrolidin-2-ylcarbonyl) indole, 3- (N- 
benzyloxycarbonylazetidin-2-ylcarbonyl) -IH- indole, or 3-(N- 
benzyloxycarbonylpiperidin-2-ylcarbonyl) -IH-indole. 

25 A. (S) -3- (N-BenzvloxYcarbonYlpYJ='^oJ-J-fli'^^2-vlcarbonYl> 

S "me t hoxv- IH- indo 1 e 

N-Carbobenzy loxy-L-proline was used . Chromatography 
using 40-60% ethyl acetate gradient in hexanes afforded the 
title compound (yields ranged from 27 to 43%) as a white 

30 powder. Recrystallization in ethyl acetate/hexanes afforded 
an analytical sample as a white crystalline solid: mp, 
164. 0-165. 0<>C; IR (KBr) 3250, 1695, 1660, 1585, 1520, 1485, 
1450, 1425 cm^- NMR (CDCI3) [Note: the spectrum of the 
title compound appears as a 1:3 mixture of diastereomers due 

35 to slow inversion of the amide nitrogen on an NMR time 
scale. Therefore, the *H NMR will be interpreted for each 
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compound separately with the more abundant conformer quoted 
first] S [more abundant conformer] 9.83 (br s^ IH) ^ 7.53 (d^ 
J=3.4 Hz, IH) , 7.42-7.30 (m, 6H) , 7.00 (d, J=8 . 9 Hz, IH) , 
6.69 (dd, J=2.4 and 9.0 Hz, IH) , 5.25 (d, J=12.9 Hz, IH) , 
5 5.14 (d, J=12.5 HZ, IH) , 5.07-4.99 (m, IH) , 3.74 (s, 3H) , 
3.78-3.55 (m, 2H) , 2.28-1.84 (m, 4H) and S [less abundant 
conformer] 9.28 (br s, IH) , 7.90 (d, J=2.3 Hz, IH) , 7.59 (d, 
J=3.4 Hz, IH) , 7.24 (d, J=9 . 0 Hz, IH) , 7.06-6.90 (m, 5H) , 
6.88 (dd, J=2.7 and 9.0 Hz, IH) , 5.07-4.99 (m, 2H) , 4.96- 

10 4.88 (m, IH) , 3.86 (s, 3H) , 3.78-3.55 (m, 2H) , 2.28-1.84 (m, 
4H) ; LRMS, m/z (relative intensity) 379 (8), 378 (M-*",33), 204 
(31), 174 (64), 160 (41), 146 (10), 91 (100). Analysis: 
calculated for C22H22N2O4: C, 69.83; H, 5.86; N, 7.40; found: 
C, 69.81; H, 5.67; N, 7.40. 

15 B. (R) -3- (N-BenzvloxYcarbonylpYrrolidin-2-YJ>c^rbonYl) - 

5 ■'me t hoxy- IE- indo 1 e 

N-Carbobenzyloxy-D-proline was used. Chromatography 
using 40-60% ethyl acetate gradient in hexanes afforded the 
title compound (yields ranged from 25 to 36%) as a white 

20 powder. Recrystallization in ethyl acetate/hexanes afforded 
an analytical sample as a white crystalline solid: mp, 
165. 0-166. 0®C. The spectral and physical data for the title 
compound were identical in all respects with the spectral 
and physical data of its enantiomer (the title compound of 

25 Example 3A) ; HRMS: calculated for C22H22N2O4: 378.1582; found: 
378.1573. 

C. (R) -3-(N-BenzYloxycarbonvlPvrrolidin-2- 
ylcarbonvl) -S-dibenzylamino-lH-indole 

N-Carbobenzyloxy-D-proline was used. Trituration of 
3 0 the extraction residue with diethyl ether afforded the title 
compound as a solid: mp, 176 . 0-177 . 0®C; LRMS (m/z, relative 
intensity) 543 (100, M"*-) , 453 (10), 407 (7) , 339 (40), 307 
(10), 247 (10), 154 (38); [a]^^^ = +112* (THF, c=1.0); Anal, 
calcd for C35H33N3O3: C, 77.32; H, 6.12; N, 7.73. Found: C, 
35 77.35; H, 6.30; N, 7.66. 
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D* f R) -3- f N-BenzyloxYcarbonYlpiperid-a-vlcarbonvH -5- 
me thoxv- IH- Indo 1 e 

N-Carbobenzyloxy-D-pipecolinic acid was used. Column 
chromatography using elution with 10% ether in methylene 
5 chloride afforded the title compound as a tan foam: LRMS 
(m/z, relative intensity) 392 (90, M+) , 348 (27), 284 (13), 
273 (12), 258 (15), 237 (47), 217 (58), 173 (100). Anal, 
calculated for C35H33N3O2: C, 69.22; H, 5.53; N, 7.69. Found: 
C, 69.35; H, 5.33; N, 7.64. 
10 E. (S) -3- (N-Ben2vloxvcarbonylazetidinvl»2" 

vlcarbonvl) -5-methoxv-lH-indole 

(S) -N-Carboben2yloxyazetidine-2-carboxylic acid was 
used. Trituration of the extract residue with absolute 
methanol afforded the title compound as a white solid: mp, 
15 199. 0-200. 0«C. Anal, calcd for C21H20N2O4: C, 69.22; H, 5.53; 
N, 7.69. Found: C, 69.35; H, 5.33; N, 7.64. 

F. (R*S) - 3- (N-BenzvloxYcarbonvlazet idinYl'"^ " 
ylcarbonyl) - 5 -methoxy'lH- indole 

(R, S) -N-Carbobenzyloxyazetidine-2-carboxylic acid was 
20 used. Trituration of the extract residue with absolute 
methanol afforded the title compound as a white solid: mp, 
199. 0-200. Qoc. Anal, calcd for C21H20N2O4: C, 69.22; H, 5.53; 
N, 7.69. Found: C, 68.85; H, 5.47; N, 7.57. 

EXAMPLE 4 

25 General Method for the Synthesis of 5-tran3"C2^ 

sulf onylethenyl) -3- (N-methvlPvrrolidin-2-vlmethyl) -IH- 
indoles 

A mixture of the appropriate vinyl sulf one (1.17 mmol, 
1.4 eq) , tri-o-tolylphosphine (0.075 g, 0.25 mmol, 0.33 eq) , 

30 palladium (II) acetate (0.013 g) , triethylamine (0.25 mL, 
1.79 mmol, 2 eq) , and (R) -5-bromo-3- (N-methylpyrrolidinyl- 
methyl) -IH-indole (0.25 g, 0.85 mmol) in anhydrous 
acetonitrile (3 mL) was heated at reflux under nitrogen for 
17 hours. The resultant reaction mixture was evaporated 

35 under reduced pressure, and the residue was column 
chroma tographed using silica gel and elution with methylene 
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chloride/absolute ethanol/aznmonia (90:8:1) to afford the 
title compound. 

A. (R) -5-trans- (2-Ethvlsulf onvlethenvl) -3- (N-methYl*" 
PYrrolidin-2-vlmethYl> -iH-indole 
5 Ethyl vinyl sulfone was used, and chromatography 

afforded the title compound (65%) as a white foam: TLC 
(CHjClj/EtOH/NHa, 90 : 10 : 1) : Rf = 0 . 5 . Analysis: calculated for 
C18H24N2O2S • 0.2 CH2CI2: C, 62.55; 7.04; N, 8.02; found: 
C, 62.65; H, 6.94; N, 7.92. 
10 B. (R) -5-trans- (2-MethYlamino3ulphonYlethenvl) -3- (K* 

methvl-pYrrolidin-2-vlmethvl) -IH- indole 

N-methylvinylsulf onamide was used, and chromatography 
afforded the title compound (71%) as a white foam. 
Analysis: calculated for C17H23N3O2S • 0.1 CH2CI2 : C, 60.06; 
15 H, 6.84; N, 12.29; found: C, 59.74; H, 6.77; N, 11.97. 

EXAMPLE 5 

General Procedure for the Hydride Reduction of 3-(N" 
Ben2vloxvcarbonYl-pyrrolidln-2-vlmethvl) -'IH^'indoles and 3- 
(N-Ben2YloxYcarbonvlpiperid-2-YlP^gfehYl> -IH- indoles Forming 

20 3- {N--Methvlpvrrolidin-2-vlmethvH -IH-indoles and 3- f N- 
Methvlpiperid-2-vlmethvl) -IH* indoles 

To a stirred mixture of lithium aluminum hydride (0.152 
g, 4.00 mm6l,2 eq) in anhydrous tetrahydrofuran (10 mL) at 
0®C was added rapidly a solution of the 3-(N-benzyloxy- 

25 carbonylpyrrolidin-2-ylmethyl) -IH- indole or the 3-(N- 
benzyloxycarbonylpiperid-2-ylmethyl) -IH- indole (2 . 00 mmol) 
in anhydrous tetrahydrofuran (5 mL) . The resulting mixture 
is heated at reflux under a nitrogen atmosphere for 3 hours. 
The reaction mixture is cooled, and water (0.25 mL) , 15% 

30 aqueous sodium hydroxide (0.25mL), and then more water (0.75 
mL) were added sequentially. The resulting mixture was 
stirred at 25 ®C for 3 0 minutes, filtered, and the filtrate 
was evaporated under reduced pressure. The residue was 
column chromatographed using silica gel (approximately 50 g) 

35 and elution with a solution methylene chloride: methanol: 
aiamonium hydroxide [9:1:0.1] or other appropriate solvent 
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system to afford the corresponding 3-(N-inethylpyrrolidin-2- 
ylmethyl) -IH-indole or 3- (N-inethylpiperid-2-ylmethyl) -IH- 
indole. 

Following this procedure the following compounds were 
5 prepared : 

A. (R) -5" (Methvlaminosulf onvlmethvll -3- CN-methvl- 
pvr r o lidin-2-y Ime thvl 1 - IH** indo 1 e 

(R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -5- 
(methylaminosulf onylmethyl) -IH-indole was used. The 

10 reaction residue after aqueous work-up as described above 
was triturated with absolute methanol to afford the title 
compound as a white solid: mp, 213 . 0-214 . 0®C; NMR (DMSO- 
dfi) <S 10.9 (br indole NH) , 7.51 (be d, IH) , 7.31 (d, J=8 . 3 
Hz, IH) , 7.16 (br d, IH) , 7.08 (br dd, J=8 . 3 Hz, IH) , 6.82 

15 (br q, sulfonamide NH) , 4.35 (s, 2H) , 3.07-2.95 (m, 2H) , 
2.54 (d, J=4.7 Hz, 3H) , 2.52-2.38 (m, 2H) , 2.35 (s, 3H) , 
2.10 (br, q, J=8.2 Hz, IH) , 1.75-1.40 (m, 4H) ; la]^^ = +89* 
(DMSO-d^, c=1.0); Anal, calcd for C16H23N3SO2: C, 59.79; H, 
7.21; N, 13.07. Found: C, 59.66; H, 7.29; N, 12.81. M.E.D. 

20 for inhibition of plasma protein extravasation i.v. in 
guinea pigs, 1.0 pmol per kg. 

B. (R) -5-Aminomethvl-3* (N"methYlPvrrolidin*2- 
vlmethvl) -IH-inole 

(R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -5r- 
25 cyano- IH-indole was used. Column chromatography using 
elution with 9:1:0.1 [methylene chloride : methanol : ammonium 
hydroxide] afforded the title compound as a white foam: ^^C 
NMR S 135.6, 132.3, 127.5, 123.0, 122.8, 121.4, 117.1, 
112.8, 111.5, 66.8, 57.2, 46.4, 40.5, 31.2, 29.2, 21.5; 
30 HRMS: calculated for CijHjiNj 243.1737, found 243.1732. 

C. (R, S) - 5- ( Me t hy 1 amino sulfonv Ime thvl) - 3- (N-- 
methYlpiperid-2-vlmethvl) -IH-indole 

(R, S) -3- (N-Benzyloxycarbonylpiperidin-2-ylmethyl) -5- 
(methylaminosulf onylmethyl) -IH-indole was used. Column 
35 chromatography using elution with 10% triethylamine in ethyl 
acetate afforded the title compound as a clear, colorless 
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oil: NMR (DMSO-dg) S 135.9, 127.7, 124.0, 123.6, 121.0, 

119.7, 111.9, 111.1, 63.9, 56.7, 56.3, 43.2, 30.5, 29.0, 
27.9, 25.5, 23.7; LRMS (m/z, relative intensity) 336 (1, M"^) , 
241 (5), 143 (31), 142 (13), 99 (34), 98 (100), 70 (16); 
5 HRMS calculated for C17H25N3O2S: 336.1745; found: 336.1756. 

EXAMPLE 6 

General Procedure for the Catalytic Reduction of 3^(N* 
BenzvloxvcarbonvlPvrrolidin-2-Ylmethvl) -IH-indoles and 3-(N* 
Benzvloxvcarbonvlpiperid-2-ylmethvl) -IH-indolea Forming 3-" 

10 (P yrrolidin-2-vlmethvl) -IH- indoles and 3^ {Piperid-2" 

vlmethvl) -iH-indoles 

A mixture of the 3- (N-benzyloxycarbonylpyrrolidin-2- 
yllnethyl) -iH-indole or the 3- (N-ben2yloxycarbonylpiperid-2- 
ylIaethyl) -IH-indole (2.00 imol) , 10% palladium on carbon 

15 (0.20 g) , and ammonium formate (1.26 g, 20 mmol, 10 eq) in 
absolute ethanol (15 mL) was stirred under a nitrogen 
atmosphere for 4 hours. The resulting reaction mixture was 
filtered through diatomaceous earth, and the filtrate was 
evaporated under reduced pressure. The residue was colvimn 

20 chromatographed using silica gel (approximately 50 g) and 
elution with a solution of methylene chloride: methanol: 
ammonium hydroxide [8:2:0.2] or other appropriate solvent 
system to afford the corresponding 3- (pyrrolidin-2- 
ylmethyl) -IH-indole or 3- (piperid-2-ylmethyl) -IH-indole. 

25 Following this procedure the following compounds were 

prepared : 

A, (R) -5- ( M^i->iYiatii ino3ulfonYlmethvl) -3-(pYrrolidin-2- 
vlmethvl) -IH- indole 

(R) -3- {N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -5- 
30 (methylaminosulf onylmethyl) -IH-indole was used. Column 
chromatography as described above afforded the title 
compound as an off-white gum: "C NMR (DMSO-d^) S 135.9, 
127.5, 123.8, 123.7, 120.9, 119.7, 112.4, 111.1, 59.2, 56.6, 
45.7, 31.1, 31.0, 29.0, 24.6; [a]^D=+4o (DMSO-d^, c=1.0); 
35 [a]^D = -i4*» (EtOH/CHClj [1:1], c=1.0); HRMS: calculated for 
tCisHjiNjOjS^H*] : 308.1433; found: 308.1467. M.E.D. for 
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Ixihibitlon of plasma protein extravasation i.v. in guinea 
pigs, 0,1 pmol per kg. 

B. (R) -S-Cyano-a- (pyrrolidin-2-YlmethYl) -IH- 

indole 

5 (R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -5- 

cyano-lH-indole was used. Column chromatography as 

described above afforded the title compound as an off-white 
gum: ^^C NMR (CDCI3/CD3OD) 6 138.1, 127.2, 125.0, 124.4, 
124.2, 121.0, 113.4, 112.2, 101.5, 59.5, 50.1, 45.7, 31.3, 
10 30.3, 24.7; LRMS (M/z, relative intensity) 225 (M+,3), 179 
(3), 155 (10), 70 (100); HRMS: calculated for C14H15N3 
225.1268, found 225.1245. 

15 C. (R) -3- {Pvrrolidin-2-vlmethYl) -IH-indole 

(R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -IH- 
indole was used. Evaporation of the filtrate residue 
directly afforded the title compound as a white foam: KMR 
(CDCI3) S 9.05 (br s, indole NH) , 7.50 (d, J=8.6 Hz, IH) , 

20 7.23 (d, J=8.6 Hz , IH) , 7.12-6.98 (m, 2H) , 6.90 (s, IH) , 4.0 
(br s, amine NH) , 3.36-3.24 (m, IH) , 2.95-2.75 (m, 3H) , 
2.70-2.58 (m, IH) , 1.85-1.50 (m, 3H) , 1.45-1.29 (m, IH) ; 
[a]^D = +i8«> (CHCI3, c=1.0). 

D. CR) -5-Metho3cv-3- CPvrrolidin-2-vlmethvl^ -IH- indole 
25 (R) -3- (N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -5- 

methoxy-lH-indole was used. Evaporation of the filtrate 
residue directly afforded the title compound as a gum: LRMS 
(m/z, relative intensity) 231 (100, M+) , 161 (10), 155 (17), 
135 (11), 119 (32); [a]^D = -12^ (CHCI3, c=1.0); Anal, calcd 
30 for Ci4Hi8N2O«0. 75 C2H4O2 [acetic acid salt]: C, 67.61; H, 7.69; 
N, 10.17. Found: C, 67.74; H, 7.53; N, 9.90. 

E. (R.S) -5-(Methvlamino3ulfonvlmethvl) -3- (piperid-2- 
ylmethvl) -IH-indole 

(R, S) -3- (N-Benzyloxycarbonylpiperid-2-ylmethyl) -5- 
35 (methylaminosulf onylmethyl) -IH-indole was used. Column 
chromatography as described above afforded the title 
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compound as a clear, colorless oil: ^^C NMR (DMSO-d^) S 136.0, 
127.5, 124.2, 123.8, 121.0, 119.8, 111.2, 110.9, 56.8, 56.7, 
45.8, 31.7, 31.4, 29.0, 25.0, 23.9; LRMS (m/z, relative 
intensity) 321 (19, M+) , 238 (43), 227 (21), 144 (99), 143 
5 (100); HRMS: calculated for CKJH23N3O2S : 321.1513; found: 
321.1501. 

EXAMPLE 7 

General Procedure for the Formulation of B-IN** 
BenzYlo3rycarbonvlPvrrolidin-2-vlmethYl) -IH-indoles and 3- CN- 

10 BenzYloxvcarbonYlpiperid-a-ylmethYl) -iH-indoles Via the 
Palladium Catalyzed Cyclization of 1- (N-Benzvloxvcarbonyl* 
PYrrolidin-2-Yi^ "3- (N- (2-halophenvl) -N-trif luoroacetYl" 
amino) propenes and 1- (N-BenzYloxYcarbonYlpiperid-2-vl) -3- (N- 
(2-halophenvl) -N-trif luoroacetvlamino)propenes 

15 A mixture of the 1- (N-benzyloxycarbonylpyrrolidin-2- 

yl) -3- (N- (2-halophenyl) -N-trif luoroacetylamino) propene or 
the 1- (N-benzyloxycarbonylpiperid-2-yl) -3- (N- (2- 

halophenyl) -N-trif luoroacetylamino) propene (2.00 mmol) , 
tetrabutyl ammonium chloride (2.00 mmol), and palladixim(II) 

20 acetate (0.089 g, 0.40 mmol, 0.2 eq) in a solution of 
triethylamine (8 mL) and anhydrous N,N-dimethylf ormamide (4 
mL) was heated at reflux under nitrogen for 2 hours. The 
resulting reaction mixture was evaporated under reduced 
pressure, and the residue was partitioned between ethyl 

25 acetate (25 mL) and water (25 mL) • The ethyl acetate layer 
was removed, and the aqueous layer was extracted with 
additional ethyl acetate (25 mL) . The organic extracts were 
combined, dried (MgS04) , and evaporated under reduced 
pressure. The residue was column chromatographed using 

30 silica gel (approximately 50 g) and elution with either a 
diethyl ether gradient in methylene chloride or an acetone 
gradient in methylene chloride to afford the corresponding 
3- (N-benzyloxycarbonylpyrrolidin-2-ylmethyl) -IH-indole or 
the 3- (N-benzyloxycarbonylpiperid-2-ylmethyl) -IH-indole. 

35 Following this procedure the following compounds were 

prepared : 
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A. (R) -3- (N-Ben2YloxYcarbonvlpvrrolidin-2-vlmethYl) - 
IH-indole 

(R) -l-(N-Ben2yloxycarbonylpyrrolidin-2-yl) -3- (N-(2- 
iodophenyl) -N-trif luoroacetyl-amino) propene was used. 
5 Column chromatography afforded the title compound as a 
clear, pale brown oil: NMR (CDCI3) S 8.05 (br s, indole 
NH) , 7.49-7.34 (m, 7H) , 7.17 (br t, IH) , 7.02 (br s, IH) , 
6.95 (br s, IH) , 5.24 (s, 2H) , 4.28-4.14 (br m, IH) , 3.52- 
3.41 (m, 2H) , 3.28 (brd, IH) , 2.79-2.63 (m, IH) , 1.90-1.70 
10 (m, 4H) ; LRMS (m/z, relative intensity) 334 (10, M+) , 204 
(16), 160 (39), 130 (39), 91 (100). 

B. (R) -3- (N-Ben2yloxYcarbonYlpvrrolidin-2-vlmethYH - 
5- (methvlaminosulf onYlmethyl) -IH-indole 

(R) -1- (N-Benzyloxycarbonylpyrrolidin-2-yl) - 3- (N- (2- 
15 bromo-4-methylaminosulf onylmethylphenyl) -N-trif luoroacetyl- 
amino) propene was used. Column chromatography afforded the 
title compound as an off-white foam: IR (CHCI3) 1673, 1410, 
1358, 1324, 1118, 1092 cm*; LRMS (m/z, relative intensity) 
441 (9, M+) , 237 (29), 204 (77), 160 (97), 143 (73), 91 
20 (100); HRMS: calculated for C13H27N3O4S: 441.1724; found: 
441.1704. 

C. (R) -3- {N-BenzvloxvcarbonYlpY^rolidin-2'*Ylmethvl"5» 
cYano-lH-indole 

(R) -1- (N-Benzyloxycarbonylpyrrolidin-2-yl) -3-(N-(2- 
25 bromo-4-cyanophenyl) -N-trif luoroacetylamino) propene was 
used. Column chromatography afforded the title compound as 
a white foam: IR (1% solution in CHCI3) 2215, 1687 cm"*; *^C 
NMR [Note: due to slow nitrogen inversion two conformers of 
the products are seen by NMR spectroscopy] (CDCI3) S 155.1, 
30 137.9, 137.0, 128.8, 128.5, 128.4, 128.0, 127.8, 124.9, 
124.6, 121.0, 114.0, 113.9, 112.1, 102.3, 67.2, 66.7, 58.5, 
57.6, 47.0, 46.7, 30.3, 30.0, 29.6, 28.8, 23.6, 22.7. Anal, 
calcd for C22H2iN3O2*0 . 25 C2H4O2 [acetic acid]: C, 72.17; H, 
5.92; N, 11.22. Found: C, 72.28; H, 5.76; N, 10.95. 
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D. (R. SI -3- (N-Benzvloxvcarbonvlpiperid-2-vlmethvl) -5- 
< me thvlauninosul f onvlme t hv 1 - IH- indo le 

(R, S) -1- (N-Benzyloxycarbonylpiperid-2-yl) -3- (N- (2- 
broino-4-met:hylaininosulf onyl-methylphenyl) -N-trif luoro- 
5 acetylamino) propene was used. Column chromatography 

afforded the title compound as an off-white foam: ^^C NMR 
[Note: due to slow nitrogen inverion two conformers of the 
products are seen by NMR spectroscopy] (CHCI3) S 162.5, 
136.9, 136.2, 128.4, 127.6, 124.5, 123.3, 120.8, 120.3, 
10 111.5, 66.8, 57.4, 39.5, 36.5, 31.4, 29.8, 25.8, 25.5, 18.8; 
LRMS (m/z, relative intensity) 445 (5, M+) , 361 (4), 238 
(40), 218 (80), 174 (100), 143 (53); HRMS calculated for 
C24H29N3O4S: 455.1880; found: 455.1899. 

EXAMPLE 8 

15 (R) -3- (N-BenzvloxvcarbonvlPvrrolidin-2-YlPg^^^^Yl> "5- 

methoxv- IH- indole 

To a stirred mixture of lithium borohydride (0.092 g, 
4.22 mmol, 2 eq) in anhydrous tetrahydrofuran (5 mL) at 0*C 
was added a solution of the (R)-3-(N- 

20 benzyloxycarbonylpyrrolidin-2-ylcarbonyl) -5-methoxy-lH- 
indole (0.80 g, 2.11 mmol) in anhydrous tetrahydrofuran (8 
mL) . The resultant mixture was heated at reflux under 
nitrogen for 1 hour. The reaction mixture was cooled, and 
water (1 mL) was added carefully, followed by ethyl acetate 

25 (20 mL) . The resultant mixture was stirred at room 
temperature for 30 minutes, dried (MgS04) , filtered through 
diatomaceous earth, and the filtrate was evaporated under 
reduced pressure. The residue was column chromatographed 
using silica gel (approximately 50 g) and elution with ethyl 

30 ace t a t e / hexanes [1:1] afforded (R)-3-(N- 
benzyloxycarbonylpyrrolidin-2-ylmethyl) -5-methoxy-lH-indole 
as a colorless gum: ^^C NMR [Note: due to slow nitrogen 
inversion two conformers of the products are seen by NMR 
spectroscopy] (CDCI3) S 162.5, 136.9, 136.2, 128.4, 127.8, 

35 127.6, 124.5, 123.3, 120.8, 120.3, 111.5, 66.8, 57.4, 39.5, 
36.5, 31.4, 29.8, 25.8, 25.5, 18.8; LRMS (m/z, relative 
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intensity) 364 (30, M+) , 204 (17), 160 (92), 145 (17), 117 
(13), 91 (100). Anal, calcd for C22H24N2O3*0. 5 HjO: C, 70.76; 
H, 6.75; N, 7.50. Found: C, 70.70; H, 6.94; N, 7.15. 

EXAMPLE 9 

5 General Procedure for the Formation of 1* (N-Benzvloxv-- 

carbonvlPvrrolidin-2^vl) -3^" (N- f 2-halophenvl) "N-trif luoro- 
acetvlamino) propenes and 1- (N-Benzvloxvcarbonvlpiperid^2" 
yl^ "3- (N" (2-halophenYl) -N-tr if luoroacetYlamino) propenes 
from the Mitsunobu Coupling of 2"Halo-N"trif luoro" 

10 acetylanilines with 1- (N-BenzYloxYcarbonYlpYrrolidin-2-YJ-^ " 
3^hvdroxvpro"pene or 1- (N-Benzvloxvcarbonvlpiperid-2-vl) ^3** 
hydroxvpropene 

To a stirred mixture of 1- (N-benzyloxycarbonyl- 
pyrrolidin-2-yl)-3-hydroxypropene or 1-(N- 

15 benzyloxycarbonylpiperid-2-yl) -3-hydroxy-propene (R, or S, 
or racemate 2.00 mmol) , the 2-halo-N-trif luoroacetylaniline 
(2.5 mmol, 1.25 eq) , and triphenylphosphine (0.655 g, 2.50 
mmol, 1.25 eq) in anhydrous tetrahydrofuran at 0**C under a 
nitrogen atmosphere was added diethyl azodicarboxylate (0.39 

20 mL, 2.48 mmol, 1.25 eg) dropwise. The reaction solution was 
slowly warmed to 25 ^•C over the course of 2 hours, and then 
stirred at 25 ®C under a nitrogen atmosphere for an 
additional 12 hours. The resulting reaction solution was 
evaporated under reduced pressure, and the residue was 

25 column chromatographed using silica gel (approximately 50 g) 
and elution with either a diethyl ether gradient in hexanes 
or an ethyl acetate gradient in hexanes to afford the 
corresponding 1- (N-benzyloxycarbonylpyrrolidin-2-yl) -3- (N- 
(2-halophenyl) -N-trif luoroacetylamino) propene or 1-(N- 

30 benzyloxycarbonylpiperid-2-yl) -3-(N- ( 2-halophenyl) -N- 
tr if luoroacety lamino) propene . 

Following this procedure the following compounds were 
prepared : 
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(2-iodophenvl) -N-trif luoroacetYlamino) propene 

(R) -1- (N-Benzy loxycarbonylpyrrolidin-2-yl) -3- 
hydr oxypr opene and 2 - iodo-N-tr i f luor o-acety lani 1 ine were 
5 used. Column chromatiography afforded the title compound as 
a clear, colorless oil: *H NMR (CDCI3) * 7.88 (br d^ IH) , 
7.43-6.89 (m, lOH) , 5.70-5.35 (m, 2H) , 5.13 (br S, 2H) , 
5.00-4.75 (m, IH) , 4.40-4.29 (m, IH) , 3.60-3.42 (m, 3H) , 
2.05-1-45 (m, 4H) ; LRMS (FAB, m/z, relative intensity) 559 
10 (100, [MH+]), 515 (52), 451 (15), 244 (7). 

B. (R) -1- (N-Ben2yloxycarbonylpyrrolidin-2-yl) -3- (N- 
(2-bromo-4-methvlaminosulf onvlmethylphenyl) -N-trif luoro- 
acetvlamino) propene 

(R) -1- (N-Benzyloxycarbonylpyrrolidin-2-yl) -3- 
15 hydroxypropene and 2-bromo-4-methylaminosulf onylmethyl-N- 
trif luoroacetylaniline were used. Column chromatography 
using elution with 4% acetone in methylene chloride afforded 
the title compound as a white foam (44%) : FAB LRMS (m/z, 
relative intensity) 620 ( [MH+ with *^Br], 618 ( [MH+ with 
20 ^Br], 98), 576 (50), 574 (63), 512 (17), 484 (33). 

C. (R) -1- (N-BenzYloxYcarbonvlpyrrolidin-2-Y3'> 
(2"bromo-4"CYanophenYH "N-trifluoroacetylamino) propene 

(R) -1- (N-Benzy loxycarbonylpyrrolidin-2-y 1 ) -3- 
hydroxypropene and 2-bromo-4-cyano-N-trif luoroacetylaniline 

25 were used. Column chromatography using elution with a 
gradient of diethyl ether (5% - 100%) in methylene chloride 
afforded the title compound as a clear, colorless oil: IR 
(CHCI3) 2231, 1702, 1157 cm'^ ; LRMS (m/z, relative intensity) 
537 ([MH+ with ^^Br] , 13), 535 ( [MH+ with "^^Br] , 13), 402 

30 (29), 400 (30), 294 (55), 292 (57), 244 (80), 213 (89), 91 
(100); Anal, calcd for C24BrF3H2iN3O3*0 . 2 HjO: C, 53.39; H, 
3.99; N, 7.78. Found: C, 53.25; H, 3.95; N, 7.98. 
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D. -1- (W-Benzvloxvcarbonvlpiperid"2-vl1 -3- rN*l2- 

bromo-4"inethvlaminosulfonYlme'bhvlphenYl> - N^ 
trif luoroacetvlamino) propene 

(R, S) -1- (N-Benzy loxycarbony Ipiper id-2 -yl ) -3- 
5 hydrbxypropene and 2-bromo-4-inethylaminosulf onylmethyl-N- 
trif luoroacetylaniline were used. Column chromatography 
using elution with 20% acetonitrile in methylene chloride 
afforded the title compound as a white foam: FAB LRMS (m/z, 
relative intensity) 634 ( [MH+ with ^^Br] , 26), 632 ( [MH+ with 
10 ^'Br], 22), 590 (35), 588 (43), 401 (33), 327 (48), 281 (75), 
207 (90), 147 (100); FAB HRMS: calculated for 

C26H29BrF3N305S* [H+] 632.1043, found 632.1047 [tor '^^Br and ^^S] . 

EXAMPLE 10 

General Synthesis of 2-Halo-N-trif luoroacetylanilines 
15 from Reaction of 2-Haloaniline3 and Trif luoroacetic 
Anhydride 

To a stirred solution of the 2-haloaniline (2.00 mmol) 
and pyridine (0.18 mL, 2.22 mmol, 1.1 eq) in anhydrous 
methylene chloride (10 mil) at 0**C under a nitrogen 

20 atmosphere was added dropwise trif luoroacetic anhydride 
(0.31 mL , 2.19 mmol , 1.1 eq) . The resultant reaction 
mixture was stirred at 0*^C under a nitrogen atmosphere for 
3 hours. A saturated solution of sodium hydrogen carbonate 
was added (15 mL) , and this aqueous mixture was extracted 

25 with ethyl acetate (3 x 15 mL) . The extracts were combined, 
dried (MgS04) , and evaporated under reduced pressure. The 
residue was column chromatographed using silica gel 
(approximately 50 g) and elution with an ethyl acetate 
gradient in hexanes to afford the corresponding 2-halo-N- 

3 0 tr if luoroacety laniline . 

Following this procedure the following compounds were 
prepared : 

A. 2-Iodo-N-trif luoroacetvlaniline 

2-Iodoaniline was used. Evaporation of the ethyl 
3 5 acetate extracts afforded the title compound directly as a 
white solid: mp, 105.0-106.5*0; FAB LRMS (m/z relative 
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intensity) 316 ( [MH+] , 8), 155 (80), 135 (26), 119 (100); ^^C 
NMR (acetone-dg) S 206.2, 140.4, 130.2, 130.1, 128.2. 

B. 2-Bromo-4"methYlaminosulfonvlmethvl-N'- 
trif luoroacetvlaniline 
5 2-Bromo-4-inethylaminosulf onylmethylaniline was used. 

Evaporation of the ethyl acetate extracts afforded the title 
compound directly as a white solid: mp, 164.0-166.0^0. 
Anal, calcd for CioHjoBr F3N2O3S : C, 32.02; H, 2.69; N, 7.47. 
Found: C, 32.18; H, 2.67; N, 7.30. 
10 C. 2-Bromo"4^cvano-N-trif luoroacetylaniline 

2-Broino-4-aininocarbonylaniline was used. Dehydration 
of the carboxamide also occurred in this reaction. Column 
chromatography using ethyl acetate/hexanes afforded the 
title compound as a white solid: mp, 125-130®C; NMR 
15 (DMSO-dJ S 11.6 (br s, NH) , 8.37 (d, J=1.8 Hz, IH) , 7.96 
(dd, J=1.8 and 8.2 Hz, IH) , 7.71 (d, J=8 . 2 Hz, IH) . 

EXAMPLE 11 

General Procedure for the Bromination of Anilines to 
Form 2-Bromoanilines 

20 To a stirred solution of the aniline (2.00 lomol) and 

sodium hydrogen carbonate (0.21 g, 2.50 mmol, 1.25 eq) in 
methanol (10 mL) at O^C was added dropwise bromine (0.113 
mL, 2.19 mmol, 1.1 eq) . The resulting reaction mixture was 
then stirred at 25 ®C for 30 minutes. The reaction mixture 

25 was then evaporated under reduced pressure, and the residue 
was placed in a saturated solution of sodium hydrogen 
carbonate (10 mL) . This aqueous mixture was extracted with 
ethyl acetate (3 x 15 mL) . The extracts were combined, 
dried (MgS04) , and evaporated under reduced pressure. The 

30 residue was column chromatographed using silica gel 
(approximately 50 g) and elution with an appropriate solvent 
system to afford the corresponding 2-bromoaniline. 

Following this procedure the following compounds were 
prepared: 
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A. 2-*Bromo-4-mefchvlamino3Ulfonvlmethvlaniline 
4-Methylaminosulf onylmethylaniline (M.D. Dowle, et al. 

Eur. Pat. Appl. EP225,726) was used. Column chromatography 
using elutlon with 40% ethyl acetate in hexanes afforded the 
5 title compound as a white solid: mp, 104.0-107.0^0. Anal, 
calcd for CgHjjBrNjOjS: C, 34.42; H, 3.97; 10.04. Found: 
34.66; H, 3.96; N, 9.96. 

B. 4-AminocarbonYl*2-bromoaniline 

4-Aminobenzamide was used. Column Chromatography using 
10 elutlon with a ethyl acetate gradient (25-50%) in methylene 
chloride afforded the title compound as a white solid: mp, 
144.5-146. O^C; *H NMR (DMSO-d^) 6 7.93 (d, J=2 . 0 Hz, IH) , 
7.70 (br s, amide NH) , 7.62 (dd, J=2 . 0 and 8.5 Hz, IH) , 7.05 
(br s, amide NH) , 6.77 (d, J=8.5 Hz, IH) , 5.85 (s, aniline 
15 NH2) . 

EXAMPLE 12 

1- (N-Ben2yloxYcarbonvlpvrrolidin-2-yl) -3-hvdroxvpropene 
or 1- (N-Benzvloxycarbonylpiperid-2"Vl) ~3-hYdroxYpropene 

To a stirred solution of either ethyl 3-(N- 

20 ben2yloxycarbonylpyrrolidin-2-yl) -2-propenoate or ethyl-3- 
(N-benzyloxycarbonylpiperid-2-yl) -2-propenoate (R, or or 
racemate, 10.00 mmol) in anhydrous tetrahydrof uran (75 mL) 
at -78 ^C under nitrogen was added dropwise a solution of 
diisobutylaluminium hydride (1.0 M in hexanes, 12.0 mL, 22.0 

25 mmol^ 2.2 eq) . The resulting solution was stirred at -78®C 
under nitrogen for 3 0 minutes. The reaction solution was 
then allowed to warmed to room temperature over the course 
of 2 hours. A saturated solution of sodium hydrogen 
carbonate (50 mL) was added, and the aqueous mixture was 

30 extracted with ethyl acetate (3 x 50 mL) . The extracts were 
combined, dried (MgS04) , and evaporated under reduced 
pressure. Column chromatography of the residue with diethyl 
ether /hexanes [1:1] afforded either 1-(N- 
benzyloxycarbonylpyrrolidin-2-yl) -3-hydroxypropene or 1-(N- 

35 ben2yloxycarbonyl-piperid-2-yl) -3-hydroxypropene. 
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Following the procedure the following compounds were 
prepared : 

A. fR) -1- (N-BenzvloxvcarbonYlDvrrolidin-2-Yll 
hYdroxvpropene 

5 (R) -Ethyl 3- (N-benzyloxycarbonylpyrrolidin-2-yl) -2-pro- 

penoate was used. Chromatography of the extraction residue 
afforded the title compound as a clear, colorless oil: 
NMR (CDCI3) S 7.40-7.25 (m, 5H) , 5.75-5.53 (m, 2H) , 5.20-5.00 
(m, 2H) , 4.38 (br m, IH) , 4.06 (br d, J=13.7 Hz, 2H) , 3.45 
10 (br t, J=7.0 Hz, IH) , 2.03-1.68 (m, 4H) ; [aj^o = +34*=» (MeOH, 
c=1.0); HRMS: calculated for C15H19NO3 261.1365^ found 
261.1356. 

B. (R, S) -1- CN-Benzvloxvcarbonvlpiperid"2-Y^^ "3- 
hvdroxvpropene 

15 (Rf S) -Ethyl 3- (N-benzyloxycarbonylpiperid-2-yl) -2-pro- 

penoate was used. Chromatography of the extraction residue 
afforded the title compound as a clear, colorless oil: LRMS 
(m/z, relative intensity) 257 (3), 212 (12), 193 (8), 175 
(65), 173 (100), 145 (27), 109 (24), 91 (87); NMR (CDCI3) 

20 S 7.40-7.20 (m, 5H) , 5.70-5.61 (m, 2H) , 5.14 (d, J=17 . 6 Hz, 
IH) , 5.10 (d, J=17.5 Hz, IH) , 4.88 (br m, IH) , 4.14-4.00 (m, 
3H) , 2.91 (br t, J=12.7 Hz, IH) , 1.78-1.47 (m, 6H) . Anal, 
calcd for Ci^^HjiNOj^O . 1 HjO: C, 69.34; H, 7.71; N, 5.05. 
Found: 69.38; H, 7.84; N, 5.16. 

25 EXAMPLE 13 

SYnthesis of Ethvl 3- (N-BenzvloxvcarbonYlpY^^^^Q^^^^"^"^" 
yl) "2-propenoate or Ethyl 3- (N-BenzvloxYcarbonYlpiperid*2- 
yl) "2-propenoate 

To a stirred solution of N-carbobenzyloxypyrrolidine-2- 

30 carboxaldehyde or N-carbobenzy loxypiper idine-2 - 
carboxaldehyde (5.00 mmol) [S. Kiyooka, et al., J. Org. 
Chern . , 5409 (1989) and Y. Hamada, et al., Chem. Pharm. 
Bull. , 1921 (1982)] in anhydrous tetrahydrof uran at -78*»C 
was added (carbethoxyxtiethylene) triphenylphosphorane (2.09 g, 

35 6.00 mmol. 1.2 eq) as a solid portionwise. The resulting 
reaction mixture was stirred at room temperature under 
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nitrogen for 2 hours, and then heated at reflux under 
nitrogen for 1 hour. The reaction mixture was evaporated 
under reduced pressure and the residue was column 
chromatographed using silica gel (approximately 100 g) and 
5 elution with 20% diethyl ether in hexanes afforded either 
ethyl 3- (N-benzyloxycarbonylpyrrolidin-2-yl) -2-propenoate or 
ethyl 3- (N-benzyloxycarbonylpiperid-2-yl) -2-propenoate. 

A. (R) -Ethyl 3" fN"BenzYloxYcarbonvlPvrrolidin-2"Vl) - 
2-propenoate 

10 (R) -N--Carbobenzyloxypyrrolidine-2-carboxaldehyde was 

used. Chromatography as described above afforded the title 
compound as a clear, colorless oil: NMR (CDClj-dg) S 7.34- 
7.25 (m, 5H) , 6.89-6.76 (m, IH) , 5.88-5.74 (m, IH) , 5.18- 
5.05 (m, 2H) , 4.60-4.43 (m, IH) , 4.17 (q, J=7 . 1 Hz, 2H) , 

15 3.55-3.40 (m, 2H) , 2.11-2.00 (m, IH) , 1.90-1.75 (m, 3H) , 
1.28 (t, J=7.1 Hz, 3H); NMR (CDCI3) [Note: due to slow 
nitrogen inversion two conformers of the products are seen 
by NMR spectroscopy] S 166.3, 154.7, 147.9, 147.4, 136.6, 
128.4, 127.9, 120.9, 66.9, 65.8, 60.4, 58.1, 57.7, 46.8^ 

20 46.4, 31.6, 30.8, 23.6, 22.8, 22.6, 15.3, 14.2. 

B. (R^ S) -Ethvl 3- CN-BenzYloxycarbonYlpiperid'-2*vl) ^2^ 
propenoate 

(R, S) -N-Carbobenzyloxypiperidine-2-carboxaldehyde was 
used. Chromatography as described above afforded the title 

25 compound as a clear, colorless oil: *H NMR (CDClj-d^) S 7.36- 
7.27 (m, 5H) , 6.85 (dd, J=4 . 4 and 16.3 Hz, IH) , 5.80 (dd, J- 
2.4 and 16.3 Hz, IH) , 5.11 (s, 2H) , 5.01 (br m, IH) , 4.17 
(q, J=6.7 Hz, 2H) , 4.05 (br d, J=12 . 6 Hz, IH) , 2.87 (br t, 
IH) , 1.80-1.35 (m, 6H) , 1.27 (t, J=6.6 Hz, 3H) ; FAB LRMS 

30 (m/z, relative intensity) 318 ([MH+], 100), 274 (86), 228 
(14), 210 (21), 182 (43), 138 (32). 
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EXAMPLE 14 

(R) *"5-Amino-3" (N"methvlPvrrolidin-2vlinethvl) indole 

A mixture of (R) -5-dibenzylamino-3- (N-methylpyrrolidin- 
2 -ylmethyl) indole (1.08 g, 2.64 mmol) and palladixim [II] 
5 hydroxide on carbon (0.6 g) in absolute ethanol (25 mL) was 
shaken under, a hydrogen atmoshpere (3 atm) at 40 ®C for 4 
hours. The resulting mixture was filtered through 

diatmaceous earth, and the filtrate was evaporated under 
pressure to afford the title compound (0.60 g, 2.62 mmol, 

10 99%) as a white foam: *H NMR (DMSG-dg) S 10.65 (br s, NH) , 
7.14 (d, J=2.2 Hz, IE), 7.12 (d, J=8 . 6 Hz, IH) , 6.85 (d, 
J=1.6 Hz, IH) , 6.60 (dd, J=2 . 0 and 8.6 Hz, IH) , 3.63-2.83 
(m, 7H) , 2,78 (s, 3H) , 2.05-1.67 (m, 4H) ; [a]^D = +9** (MeOH, 
c=1.0); HRMS: calculated for C14H19N3: 229.1575; found 

15 229.1593. 

EXAMPLE 15 

General Synthesis of 5-Carbonylamino-3- (N-methvl^ 
pyrrolidin-2-ylmethvl) -IH^indoles and 5-Sulfonylaittino-3-(N- 
methylpyrrolidin'-2-Ylmethyll -iH-indoles 

20 To a stirred solution of (R) -5-amino-3-(N- 

methylpyrrolidin-2-ylmethyl) indole (0.229 g, 1.00 mmol) and 
triethylamine (0.21 mL, 1.5 mmol, 1.5 eq) in anhydrous 
acetonitrile (3 mL) at 0**C under nitrogen was added the 
appropriate carbonyl chloride or sulfonyl chloride (1.5 

25 mmol, 1.5 eq) The resulting reaction mixture was stirred 
at room temperature for 12 hours. The reaction mixture was 
then evaporated under reduced pressure, and the residue was 
column chromatographed using silica gel (approximately 25 g) 
and elution with an appropriate solvent system afforded the 

30 appropriate 5-carbonylamino-3- (N-methylpyrrolidin-2- 

ylmethyl)-lH-indole or 5-sulfonylamino-3-(N- 
methylpyrrolidin-2 -ylmethyl) -IH-indole. 

Following this procedure the following compounds were 
prepared : 
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A. CRl -5"Benzvloxvcarbonvlamino-3 - (N-metliYl- 
DYrrolidln-2-vlmethvll *"lH^indole 

Benzyl chlorof ormate was used. Column chromatography 
using elution with triethylamine/acetone/ethyl acetate 
5 [2:10:88] afforded the title compound as an off-white foam: 
NMR (CDCI3) S 163.3, 136.4, 133.6, 129.8, 128.6, 128.2, 
127.9, 126.0, 123.2, 113.8, 111.4, 110.1, 66.8, 66.5, 57.5, 
40.8, 31.5, 29.8, 21.8; LRMS (m/z, relative intensity) 363 
(M+, 12), 279 (7), 184 (7), 171 (33), 108 (100); HRMS: 
10 calculated for C22H25N3O2 363.1949, found 363.1926. Anal, 
calcd for C22H25N3O2*0 . 4 C4HJO4 [ethyl acetate]: C, 71.09; H, 
7.13; N, 10.54. Found: C, 70.82; H, 7.03; N, 10.58. 

B. (R) -3- (N-MethvlPvrrolidin-2-vlmethvH -5-methvl- 
aulfonamido-lH- indole 

15 Methanesulf onyl chloride was used. Column 

chromatography using elution with triethylamine/ acetone/ 
ethyl acetate [1:3:6] afforded the title compound as a white 
foam: *^C NMR (CDCI3) S 134.9, 128.3, 128.2, 123.6, 119.3, 
115.0, 113.9, 112.0, 66.7, 57.3, 40.7, 38.7, 31.3, 29.4, 

20 21.7; HRMS: calculated for CijHjiNjOjS [with ^^S] 307.1356, 
found 307.1323. 

c. (R) -5-Acetvlamino-3* (N"methvlPvrrolidin'"2- 
vlmethvl) -IH^indole 

Acetyl chloride was used. Column chromatography using 

25 elution with triethylamine/acetone/ethyl acetate [1:3:6] 
afforded the title compound as a white foam: "C NMR 
(acetone-dfi) 5 168.3, 134.4, 132.2, 128.7, 124.1, 115.7, 
113.8, 111.6, 110.2, 67.3, 58.0, 40.9, 31.9, 30.5, 24.1, 
22.5; LRMS (m/z, relative intensity) 271 (M+, 39), 241 (4), 

30 207 (5), 187 (20), 144 (20), 84 (100); HRMS: calculated for 
C16H21N3O 271.1686, found 271.1693. Anal. calcd for 

CiftHjiNjO^l. 15 H2O: C, 65.80; H, 8.04; N, 14.39. Found: C, 
65.99; H, 7.90; N, 13.99. 
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D. (Rl -"S"N>N-Dlinethvlaminocarbonvlamino-3- (N-methyl- 
pvr r o lidin"2"V Ime t hv 1 ) IH- indo 1 e 

Dimethylcarbamyl chloride was used. Colximn 
chromatography using elution with methylene 
5 chloride/methanol/ammonium hydroxide [9:1:0.1] afforded the 
title compound as an off white foam: *H NMR (CDCI3) 5 8.95 
(br s, IH) , 7.49 (br s, IH) , 7.15-7.06 (m, 2H) , 6.82 (d, 
J=1.9 Hz, IH) , 6.44 (br s, IH) , 3.12-3.05 (m, 2H) , 3.00 (s, 
6H) , 2.58-2.40 (m, 2H) , 2.40 (s, 3H) , 2.18 (br q, J=8 . 1 Hz, 

10 IH) , 1.83-1.47 (m, 4H) ; ^^C NMR (CDCI3) S 157.2, 133.8, 130.5, 
127.7, 123.2, 117.8, 113.0, 112.0, 111.3, 66.5, 57.4, 40.6, 
36.4, 31.4, 29.8, 21.7; LRMS (m/z, relative intensity) 300 
(M+, 50), 217 (10), 171 (20), 84 (100); HRMS : calculated 
for C17H24N4O 300.1952, found 3 00.1957. 

15 E. (R) -5-Trif luoroacetylamino-a- (N-methvlpvrrolidin" 

2-vlmethvl) -iH-indole 

Trif luoroacetic anhydride was used. Col\imn 
chromatography using elution with methylene chloride/ 
methanol /ammonium hydroxide [9:l:0-.l] afforded the title 

20 compound as an off white foam: NMR (CDCI3) 5 8.99 (br s, 

IH) , 7.80 (br s, IH) , 7.27-7.19 (m, 2H) , 6.95 (d, J=1.4 Hz, 
IHO, 3.16-3.08 (m, 2H) , 2.58 (dd, J=9.4 and 13.5 Hz, IH) . 
2.57-2.43 (m, IH) , 2.43 (m, IH) , 2.43 (s, 3H) , 2.22 (dd, 
J=9.2 and 17.5 Hz, IH) , 1.85-1.46 (m, 4H) ; "C NMR (CDCI3) 5 

25 134.5, 127.7, 126.9, 123.8, 116.1, 113.9, 111.9, 111.6, 
104.1, 66.6, 57.3, 40.6, 31.3, 29.5, 21.7; HRMS: calculated 
for C16H18F3N3O 325.1403, found 325.1378. 

EXAMPLE 16 

(R) -3- (N-Methvlpvrrolldin-2*ylmethvl) -5- ( 2-methvl- 
3 0 sulf onamidomethyl) -IH-indole 

To a stirred mixture of (R) -5-aminomethyl-3- (N- 
methylpyrrolidin-2-ylmethyl) -IH-indole (0.113 g, 0.46 mmol) 
and pyridine (50/LiL, 0.93 mmol, 2.0 eq) in a solution of 
dimethylf ormamide and acetonitrile (1:3, respectively, 2 mL 
35 total) at 0<»C under nitrogen was added methanesulf onyl 
chloride dropwise (44mL/ 0.56 mmol, 1.3 eq) . The resulting 
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reaction solution was stirred at room temperature under 
nitrogen for 1 hour, and then it was evaporated under 
reduced pressure. The residual oil was column 

chromatographed using silica gel (6 g) and elution with 
5 methylene chloride /methanol /ammonium hydroxide [9:1:0.1] 
afforded the title compound (0.044 g, 0.14 mmol, 30%) as a 
white foam: *H NMR (CDCI3) S 8.25 (br s, NH) , 7.54 (br s, 
IH) , 7.35 (d, J=8.4 Hz, IH) , 7.17 (dd, J=1.6 and 8.4 Hz, 
IH) , 7.06 (d, J=1.8 Hz, IH) , 4.78 (br s, NH) , 4.42 (s, 2H) , 

10 3.20-3.12 (m, 2H) , 2.87 (s, 3H) , 2.64 (dd, J=9 . 4 and 13.9 
Hz, IH) . 2.54-2.43 (m, IH) , 2.47 (s, 3H) , 2.25 (dd, J=9 . 3 
and 17.3, IH) , 1.86-1.52 (m, 4H) ; "C NMR (CDCI3) 6 135.8, 
127.8, 127.3, 123.0, 122.0, 118.5, 113.7, 111.6, 66.7, 57.4, 
47.9, 40.9, 40.7, 31.3, 29.5, 21.7; LRMS (m/z relative 

15 intensity) 321 (28), 320 (M+, 26), 237 (51), 157 (100), 143 
(64), 129 (78); HRMS: calculated for C16H22N3O2S 320.1435, 
found 320.1453. 

EXAMPLE 17 

General Synthesis of Allvlsulphonamides 
20 A. AllvlsulDhonamide 

The title compound was prepared by the method of M. A. 
Belous and I. Ya. Postouski, Zhur . Obschei. Khim . . 1950, 20, 
1701. 

B. N-MethylallylsulDhonamide 

25 The title compound was prepared by an analogous 

procedure to above by using methylamine instead of ammonia. 
Anal. Calcd for C^HuNOjS: C, 40.25; H,7.43; N,9.38. Found: 
C, 40.51; H,7.37; N,9.70. 

EXAMPLE 18 

30 Preparation of Ethvlallvlsulphone 

The title compound was prepared by the method of R. J. 
Palmer and C. J. M. Stirling., J. Amer. Chem. Soc. . 1980, 
102, 7888. 
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EXAMPLE 19 

General Synthesis of Vinyl Sulphonamiaea 

Where the required vinylsulphonamide was not 
commercially available, they were prepared by the following 
5 procedure based on the procedure described in Zhur. Obschei, 
Shim., 1959, 29, 1494. 

A. N# N-Dimethylviny Isulphonamide 

To a stirred solution of chloroethylsulphonyl chloride 
(25 g, 153 mmol) in dry diethyl ether (150 mL) at -10**C, was 

10 added dropwise a solution of dimethylamine (30.5 mL, 460 
mmol) in dry diethyl ether (100 mL) over 5 minutes. After 
stirring for 90 minutes at -lO^C the solution was filtered 
and evaporated in vacuo. The residue was distilled to give 
the title compound (9.5 g, 46%): b.p. 120-122**C (20 mm Hg) . 

15 Anal. Calcd for C4H9NO2S: C,35.54; H,6.71; N, 10.36%. Found: 
C, 35.36; H,6.37; N,10.19. 

B. The following examples were prepared by the 
general procedure above, using the appropriate amine 
starting material. Purification was by distillation or 

20 column chromatography. 




Tw^oX 

RaNSOj-CH=CHj 



5 





Isolated Form 


Analysis % 
(Theoretical In brackets) 
C H N 


MeNH- 


Oil b.p. 93-5 °C 
(0.05 mm Hg) 


Literature compound U.S. 3,761,473 


/ \- 


Oil 


47.97 7.41 7.81 
(47.97 7.48 7.99) 


ri ~ 


Oil 


44.73 6.80 8.62 
(44.70 6.88 8.69) 


nPrjN- 


Oil 


50.37 8.79 7.68 
(50.23 8.96 7.32) 


nPrNH- 


Oil 


40.22 7.35 9.1 
(40.24 7.43 9.39) 


0- 


Oil 


40.51 5.85 9.35 
(40.79 6.16 9.52) 


iPrNH- 


Oil 


40.42 7.33 9.30 
(40.25 7.43 9.39) 



EXAMPLE 20 

15 General Synthesis of Vinyl Sulphones 

Where the required vinyl sulphone was not commercially 
available, they were prepared from the corresponding thiols 
using the procedure described by J. M. Gaillot, Y Gelas- 
Mialhe and R. Vessiere Can. J, Chem, , 1979 ^ 57, 1958. The 

20 following examples are representative. 
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RS-CHjCHj-OH 





R 


Isolated Form 


Analysis % 
(Theoretical in brackets) 
C H 


5 


nPr 


Oil 1/16 EtOAc 


48.68 


9.79 






1/5 HjO 


(48.76 


10.06) 




nBu 


Oil 


T.l.c - Rf. 0.26 

(SiO^. Ether/Hexane 1:1) 





10 



RS-CHjCHj-CI 







Analysis % 






(Theoretical in 


brackets) 


R 


Isolated Form 


0 


H 


nPr 


Oil 1/5 HjO 1/30 


41.63 


7.60 




CH2CI2 


(41.65 


7.69) 


nBu 


Oil 1.0 H2O 


42.31 


7.84 






(42.21 


8.27) 



15 



20 



RSOj-CHaCHjCI 







Analysis % 






(Theoretical in brackets) 


R 


Isolated Form 


C 


H 


nPr 


Oil 


34.75 


6.68 






(35.19 


6.50) 


nBu 


Oil 1/15 CHjClj 


38.41 


7.01 






(38.27 


6.95) 



25 



RSO,-CH=CH, 



R 


Isolated Form 


Analysis % 
(Theoretical in brackets) 
C H 


nBu 


Oil 


48.95 8.07 
(48.62 8.16) 



30 



35 



LP 
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EXAMPLE 21 

General Synthesis of indoles with S^alkenyl 
siibstitiienta 

A. (R) -S^trans** C2-N>N-DimethYlaminocarbonYlethenYl> " 
5 3- CW-methYlPYrrolidin«2"Y3'»^^^VH -IH-indole 

A mixture of N,N-diinethylacrylainide (134 /xL, 1.3 nanol) , 
tri-o-tolylphosphine (91 mg^ 0.3 xnmol) , palladixm (II) 
acetate (15 mg^ 0.07 mmol) , triethylamine (280 /iL, 2 mmol) 
and (R) -5-broino-3- (N-inethylpyrrolidin-2-ylinethyl) -IH-indole 

10 was dissolved in anhydrous acetonitrile (5 mL) and refluxed 
for 2 4 hours under nitrogen. The reaction was partitioned 
between ethyl acetate and aqueous sodium carbonate. The 
dried (Na2S04) organic phase was evaporated and the residue 
purified by column chromatography on silica gel, eluting 

15 with CH2CI2: MeOH: NH4OH 96:3.5:0.5 to afford the title 
compound as a white foam (145 mg, 47%) . Anal. Calcd for 
Ci9H25N30*l/9 CH2CI2: C,71.56; H,7.87; N, 13.10%. Pound: 
C,71.29; H,8.15; N, 13.05. 

B. The following examples were prepared using the above 
20 procedure with the appropriate alkene starting material 
(available commercially, or prepared by routes outlined in 
this patent) . 

25 

R 

H 
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10 





Isolated Form 


Analysis % 
(Theoretical In brackets) 
C H N 


(c=0.l 
MeOH) 


MeSOjCH^CH 


Foam 3/10 CHjCIa 


60.45 6.43 8.33 
(60.42 6.62 8.15) 




PhSOCH=CH 


Foam l/IO CH^Ci^ 


68.04 6.27 6.99 




NH2S02CH=CH 


Foam 1/3 MeOH 1^ H^O 


58.56 6.80 12.19 
/58 39 6 85 12 5h 




EtSOCH=CH 


Foam 1/20 CHjClj 1/4 Hfi 


66.70 7.35 8.64 
(66.66 7.62 8.62) 






Foam 1/8 CH2CI2 
1/2 H2O 


61.74 6.93 10.53 
(61.49 7.22 10.69) 




nBuS02CH=CH 


Foam 1/4 CHjClj 
l/IO EtOH 


63.56 7.77 7.22 
(63.59 7.57 7.25) 




MejNSOjCH^CH 


Foam 1/3 HjO 


61.14 7.06 11.57 
(61.19 7.27 11.89) 
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Isolated Form 


Analysis % 
(Theoretical in brackets) 
C H N 


D 

(c^O.I 
MeOH) 


^ \sOaCH=CH 


Foam V2 CHjCI, U4 H2O 


59.64 
(59.43 


o.oZ 
7.07 


9.o3 
9.67) 




nPrjNSO,CH=CH 


Foam 1.0 H^O l/IO CH^CI, 


61.48 
(61.72 


7.76 
8.25 


9.69 
9.77) 




nPrNHSOjCH=CH 


Foam l/IO CH3CI, U3 H^O 


61.07 
(61.01 


7,12 
7.49 


10.91 
n.18) 




<(^^^NSOeCH = CH 


Foam 1/3 CHjCljl H^O 


56.83 
(56.39 


6.40 
6.87 


10.36 
K).36) 


+34® 


iPrNHS02CH = CH 


Foam 1/6 CHjCL, 


61.03 
(61.27 


7.42 
7.33 


I!.f7 
11.19) 


+30* 


PhS02CH2CH=CH 


Foam 1/6 CH^CI, 


68.21 
(68.27 


6.81 
6.50 


7.15 
6.87) 




MOjNSOjCHjCH = CH 


Foam 1/20 CH^Clj 


62.54 

(62.55 


7.50 
7.46 


11.21 
11.48) 
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Isolated Form 


Analysis % 
(Theoretical In brackets) 
C H N 


D 

(c=0.1 
MeOH) 


NH,S02CH2CH=CH 


Foam 0.1 CHjCI, 
1.0 MeOH 


56.50 6.93 11.22 
(58.13 7.30 11.24) 




EtS02CH2CH=CH 


Foam 


65.56 7.47 8.00 
(65.86 7.56 8.08) 




PhCONHCH2CH=CH 


Foam 0.1 CHjCIa 


75.69 6.97 10.76 
(75.78 7.18 11.00) 


+70» 


MeSOjNHCHjCH = CH 


Foam 0.1 CH3CI2 


61.05 7.31 11.12 
(61.07 7.14 11.80) 





C) The following compounds could be prepared by the 
10 procedure a) above but using the corresponding beta- 
chloroethylsulphone as starting material instead of an 
alkene. These reactions were preferably carried out in the 
presence of 3-6 equivalents of triethylamine. 



15 




20 



25 









Analysis % 












(Theoretical in brackets) 


(c=O.I MeOH) 




Isolated Form 


C 


H 


N 




nPrS02CH=CH 


Foam 1/8 CHjClj 


62.93 


7.15 


7.71 






1/3 HjO 


(63.25 


7.47 


7.70 




C I— ^ ^S03CH = CH 


Foam 0.15 CHjClj 


62.22 


5.37 


6.52 


+48«» 


(62.20 


5.49 


6.55) 
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EXAMPLE 2 2 

General Procedure for Hvdroaenation of 5-alkenvlindolea 

A t:ypical procedure is as follows: 

A. (R) -5- (2-AminosulPhonvlethvl) -3 - f N->me1:hy 1- 
5 pyr r o 1 id in- 2 Ime t hyl ) - IH- indo 1 e 

(R) -5- (2-Aininosulphonylethenyl) -3- (N-methylpyrrolidin- 
2-ylinethyl) -IH-indole (157 mg, 0.5 nrniol) was dissolved in 
absolute ethanol (10 mL) and added to a solution of 
ethanolic hydrogen chloride (25 ml) (prepared from acetyl 

10 chloride (38 /iL, 0.53 mmol) and absolute ethanol (25 mL) ) . 
10% palladium-on-carbon (125 mg) was added. This solution 
was hydrogenated under a hydrogen atmosphere (15 p.s.i.) at 
room temperature for 18 hours. The resultant reaction 
mixture was filtered through diatomaceous earth (Celite 

15 trademark or Arbace 11 -trademark) ) washed with absolute 
ethanol and the combined filtrates evaporated in vacuo. The 
residue was purified by column chromatography on silica gel, 
eluting with a gradient solvent mixture up to CHjClj: 
MeOH:NH40H 93:7:1 to give the title compound as a colourless 

20 oil (80 mg, 51%) . Anal. Calcd for Ci5H23N302S*l/4 MeOH. 1/3 
H2O: C, 58.21; H,7.36; N, 12.54. Found: C,58.60; H,7.40; 
N,12.57. [a]25^ = +690 (c=0.1, MeOH). 

B. The following examples were prepared by an analogous 
procedure to a) above. 
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Isolated Form 


Analysis % 
(Theoretical in brackets) 
C H N 


(0=0.1 MeOH) 


5 


Me^NSOjCHjCHj 


Oil 1/20 CHjClj 


61.52 
(61.31 


7.40 
7.67 


1149 
11.89) 


+48 «» 




MesNCOCHjCH, 


Oil l/tO CH2CI2 


70.96 
(71.29 


8.52 
8.46 


12.84 
13.06) 


+76.2® 




MeSOjCHjCHj 


Gum 1/4 H3O 


62.76 
(62.83 


7.29 
7.60 


8.41 
8.62) 


+83» 




EtSOCHjCHj 


Oil 


61.39 
(61.27 


7.69 
8.03 


8.16 
7.83) 






^ \sOaCHaCHg 


Foam 2/3 H^O 


62.73 
(62.81 


7.60 
8.II 


10.64 
0.47) 


+57«» 


10 
















PhSOjCHjCHjCHj 


Oil 2/3 HjO 


67.56 
(67.60 


7.27 
7.23 


6.96 
6.85) 







Isolated Form 


Analysis % 
(Theoretical in brackets) 
0 H N 


(c=0.l MeOH) 


NHjSOaCHjCHjCHj 


Foam 0.65 CH2CI2 


56.78 
(56.26 


7.16 
6.80 


K).34 
K).75) 




I^^^^^NSOgCHgCHg 


Foam 1/2 H^O 


62.45 
(62.47 


7.48 
7.86 


10.74 
10.93) 




Me2NS02CH2CH2CH2 


Oil 0.1 CH2CI2 


62.03 
(61.66 


7.76 
7.91 


K).4I 
11.16) 




"BUSO2CH2CH2 


Oil (/3 CH2CI2 


62.28 
(62.48 


7.50 
7.91 


7.23 
7.17) 


+48« 


nPrNHS02CH2CH2 


Foam 1/4 H2O 


62.07 
(62.01 


7.95 
8.08 


11.17 
11.42) 


+57«» 


"PrSOjCH^CHj 


Foam 1/20 CHjCI, 
3/4 H2O 


62.80 
(62.47 


7.72 
8.15 


7.24 
7.65) 


+50«* 


"Pr2NS02CH2CH2 


Gum 1.0 H2O 


62.28 
(62.37 


8.36 
8.80 


10.03 
9.92) 


+40* 
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Isolated Form 


Analysis % 

rrhnnmtinnl in hrfl^'kotc^ 

^ 1 i lOUl OU^CXI III Ul Ol^fWiO^ 

C H N 


\c— U.I vHvsjrif 


EtSOjCHjCHjCHj 


Glass 0.5 CH2CI2 


59.K) 7.57 7.04 
(59.90 7.47 7.16) 






Foam 1/3 CHjCI, 


59.07 7.10 10.80 
(59.56 7.15 10.78) 


+30 *» 


IPrNHSOjCHaCHj 


Foam \/B CHjCI, 


61.59 7.88 1116 
(6L39 7.88 1123) 


+58* 



5 

EXAMPLE 2 3 

General Synthesis of (R) "5- (2-EthYl3UlphonvlethYl> -3- 
(pvrrolidin-2-vlmethvl) -IH-indole 

A. (R) -3- (N"Benzvloxvcarbonvlpvrrolidin-2-Yl-niethvl) - 
10 5-bromo-lH- indole 

(R) -3-(N-Benzyloxycarbonylpyrrolidin-2-yl-carbonyl) -5- 
bromo-lH-indole(0. 67 1.57 mmol) was dissolved in 

anhydrous tetrahydrof uran (20 mL) and at room temperature 
under nitrogen was added lithium borohydride (2 molar in 

15 tetrahydrofuran) (1.2 mL, 2.4 mmol) • The reaction mixture 
was stirred at room temperature for 3 hours and warmed to 
reflux for 16 hours. After cooling to room temperature, 
2NHC1 (10 mL) was added dropwise and the reaction mixture 
partitioned between ethyl acetate and water. The separated 

2 0 organic phase was washed with saturated aqueous sodium 
hydrogen carbonate (2x) , brine (Ix), dried (Na2S04) , and 
evaporated in vacuo to give a colourless oil. Purification 
by column chromatography on silica gel, eluting with 
dichloromethane gave the title compound as an oil (0.32 g) . 

25 TLC (Si02:CH2Cl2) : Rr=0.2. 

B. (R) -5- (Ethvlsulphonylethenyl) "3- (N-Benzvloxy 
carbonvlpvrrolidin-2-Ylmethvl) "IH-indole 

The compound from procedure a) above was coupled with 
ethyl vinylsulphone under standard conditions described 
30 above, to give the title compound as a foam. Anal. Calcd 
for C25H2gN204S*l/8 CH2CI2: C,65.15; H,6.15; N,6.05. Found: 
C,65.16; H,6.17; N,5.97. [a]^^ = -50«* (0.1, MeOH) . 
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C. fR) -5- f 2-EthYlsulphonvlethvl) -3 (pYrrolidin-2* 
Ylmethyl) -IH- indole 

The compound prepared in procedure b) above, was 
hydrogenated under the standard condition described above, 
5 to give the title compound as a foam. Anal. Calcd for 
Ci7H24N202S»l/2 CH2CI2: C, 63.07; H,7.48; N,8.63. Found: C,62.90; 
H,7.25; N,8.58. [a]^D = "H^ (c=0.1, MeOH) . 

EXAMPLE 24 

10 General Synthesis of (R) -3- {N-allCYl-PYJ^^oii<^^^"'2- 

Ylmethvl) indoles 

A. (R) -3-(N-'EthvlPvrrolldin-2-vlmetlivll-5-'(2-ethvl'> 
sttlphonvlethvl) -IH^* indole 

To a solution of (R) -3- (pyrrolidin-2-ylmethyl) -i5- (2- 
15 ethylsulphonylethyl) -IH-indole (0.27 g, 0.8 mmol) in 
dimethylformamide (dried over 4A sieves) (5 mis) , was added 
sodium carbonate (90 mgs) and ethyl iodide (0.07 mis, 0.88 
mmol) at room temperature. The mixture was heated at 120®C 
under nitrogen for 16 hours. After cooling to room 
20 temperature the reaction mixture was partitioned between 
ethyl acetate and water. The separated organic phase was 
washed with water (3x) , dried (Na2S04) and evaporated in 
vacuo to give an oil. Purification by column chromatography 
on silica gel, eluting with CHjClj: EtOH: NH4OH (90:10:0.5) 
25 gave the title compound as a gum (100 mgs) . Anal. Calcd for 
Ci9H28N202S*l/4 CH2CI2. 1/2 H20: C,61.04; H,7.85; N,7.40. 
Found: C,60.80; H,7.69; N,7.48.[a]^D = + 60*> (c=0.1, MeOH). 

B. The following examples were prepared using the 
procedure described in a) above but with the appropriate 

30 alkyl halide in place of ethyl iodide • The alkyl halide 
could be iodide or bromide with the optional presence of 
sodium iodide. Solvents used were either dimethylformamide 
or dimethylacetamide. 



35 



• - # 
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35 



10 




Isolated Form 


Analysis % 
(Theoretical in brackets) 
C H N 


Wo 

C=<U.I MOKJn 




IPr 


Gum m CHjClj 
1/4 HjO 


64.18 
(64.29 


8.17 
8.24 


7.55 
7.46) 


+240 


15 


* 

CHgCHCCHjCHg) 

(Isomer 1- 

R.f. 0.40 SiOj. CHjCI,: 
MeOH: NH3 (90:10:1) 


Gum 1/2 CH2CI2 1/4 HjO 


60.68 
(60.97 


7.91 
7.97 


7.08 
6.62) 


-3» 


20 


* 

CH3CH(CH2CH3) 
(Isomer 2 - R.f. 0.38 SiOj. 
CH2Cl2:MeOH:NH3 
(90:10:0) 


Gum 1/8 CH2CI2 


65.19 
(65.53 


8.13 
8.40 


7.45 
7.24) 


+26<» 




nPr 


Gum 1/20 CHjCl, 
3/5 HjO 


64.04 
(63.77 


8.0 
8.36 


7.52 
7.42) 


+62« 




{CH3)2CHCH2 


Gum U2 H2O 


65.32 
(65.40 


8.49 
8.63 


6.87 
7.26) 


+80« 


25 


* 

CH3(CH3CH2)CHCHj 
(S-isomer) 


Gum 2/3 H2O 


65.72 
(65.63 . 


8.82 
8.85 


7.0 
6.96) 


.+650 



EXAMPLE 25 

30 (R) -3- (N-MethvlPvrrolidin-2-vlmethvl) -IH-indole 

(R) -5-Broino-3- (N-methylpyrrolidin-a-yl-methyl) -IH- 
indole (60 mg, 0.2 mmol) was dissolved in ethanol (1 mL) and 
hydrogenated over 10% palladium on carbon (45 mg) at 60 
p.s.i. of hydrogen pressure at room temperature for 16 
3 5 hours. The reaction mixture was evaporated to dryness, and 
the residue partitioned between ethyl acetate and 10% 
aqueous sodium carbonate. The organic phase was dried 
(Na2S04) , and evaporated in vacuo . The resulting residue was 
purified by column chromatography on silica gel (eluting 



with 89:10:1 CH2Cl2:MeOH:NH40H) to give the title compound (28 
mg) . Anal. Calcd for Ci4Hi8N2*l/8 CH2CI2 C,75.42; H,8.18; 

12.46. Found: C,75.50; H,8.51; 12 . 09 . [a]^D = + 60. 2« 
(c=0.088, CHCI3) . 
5 EXAMPLE 26 

fR) -3- (N-'BenzvloxvcarbonYlPYJ^'^ol J-^^P"2*vlcarbonYl> - 
5 -br omo- IH- indo 1 e 

Two solutions containing the reactants were prepared 
separately as follows: To a stirred solution of N- 

10 benzyloxycarbonyl-D-proline (1.0 g) in anhydrous 
dichloromethane (2 ml) and N,N-dimethylf ormamide (1 drop) 
was added oxalyl chloride (0.5 mL) , and the resulting 
solution was stirred at room temperature for 1.5 hours. 
The solution was evaporated under reduced pressure, and 

15 remaining solvent was removed under high vacuum to give 
the N-benzyloxycarbonyl-D-proline acid chloride. At the 
same time, a solution of ethyl magnesium bromide (1.4 mL 
of a 3M solution in ether) was added dropwise over 5 
minutes to a stirred solution of 5-bromoindole (0.75 g) 

20 in dry ether (18 mL) . The mixture was stirred at room 
temperature for 10 minutes, heated under reflux for 2 
hours, then cooled to -30®C. A solution of the above N- 
benzyloxycarbonyl-D-proline acid chloride in dry ether (4 
mL) was added dropwise with stirring, and stirring was 

25 continued for a further 1 hour. Ether (12.5 mL) and 
saturated aqueous sodium bicarbonate (6.5 mL) were added, 
and the temperature was allowed to rise to room 
temperature. Stirring was continued for a further 10 
minutes and the mixture was filtered. The solid was 

30 washed well with ethyl acetate, and the combined filtrate 
and washings were washed with water, brine and dried 
(MgS04) . Evaporation of the solvent gave an oil which 
was chromatographed on silica gel. Elution with ethyl 
acetate gave the title compound as a foam (0.82 g) : 

35 LRMS, m/z (relative intensity) 428 (M+ with *'Br,5), 426 
(M+ with "^^Br, 5), 224 (19), 222 (21), 204 (62), 160 
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(68), 91 (100). Anal Calcd for C2iHi9BrN203 : C, 59.02; 
H,4.48; N,6.56. Found: C, 58.85; H,4.5l; N,6.38%. 

EXAMPLE 2 7 

(R) -5-Bromo-3- (N-methvlpyrrolidin"2"Ylmethvl) »1H- 
5 indole 

A solution of (R) -3- (N-benzyloxycarbonyl-pyrrolidin- 
a-ylcarbonyl) -5-bromo-lH-indole (1.04 g) in dry 
tetrahydrof uran (20 mL) was added dropwise to a stirred 
suspension of lithium aluminium hydride (0.27 g) in dry 

10 tetrahydrofuran (15 mL) at room temperature under an 
atmosphere of dry nitrogen. The mixture was heated under 
reflux with stirring for 18 hours and then cooled. 
Additional lithium aluminium hydride (50 mg) was added 
and refluxing was continued for an additional 3 hours. 

15 The mixture was again cooled, lithium aluminium hydride 
(40 mg) was added, and refluxing was continued for a 
further 18 hours. The mixture was cooled and water (0.44 
mL) was carefully added with stirring, followed by 20% 
aqueous sodium hydroxide (0.44 mL) , followed by more 

20 water (1.33 mL) • The mixture was diluted with ethyl 
acetate and filtered through Celite (trademark) filter 
aid. The filtrate was washed with water, brine and then 
dried (Na2S04) . Evaporation of the solvent gave an oil 
which was chromatographed on silica gel. Elution with 

2 5 dichlor omethane/ ethanol / concentrated aqueous ammonia 
(90:10:0.5) gave the title compound as a solid (0.51 g) , 
m.p. 137-140*»C (from dichloromethane/hexane) ; IR (KBr) 
1620, 1595, 1570, 1480, 1450, 1435 cm *; *H NMR (DMSO-d^) 
S 11.05 (br s, IH) , 7.65 (br d, IH) , 7.31 (d, J=8.6 Hz, 

30 IH) , 7.21 (br d, IH) , 7.16 (dd, J=1.8 and 8.6 Hz, IH) , 
3.03-2.94 (m, 2H) , 2.47 (dd, J=9 . 2 and 14.0 Hz, IH) , 
2.36-2.26 (m, IH) , 2.33 (s, 3H) , 2.09 (dd, J=8 . 7 and 17.3 
Hz, IH) , 1.73-1.38 (m,4H); ^^C NMR (DMSO-dg) S 134.8, 
129.5, 124.7, 123.2, 120.7, 113.4, 112.1, 110.9, 66.1, 

35 57.0, 40.5, 30.9, 29.1, 21.6; LRMS, m/z (relative 
intensity) 294 (M"*" with ^*Br, 1), 293 (2), 292 (M* with 



"^^Br, 1), 210 (14), 208 (15), 154 (8), 129 (42), 128 (19), 
101 (26), 85 (57), 84 (100), 83 (30); [a]^o = + 62*> 
(methanol, c = 0.10). Anal Calcd for Ci4Hi7N2Br. 0.25 HjO: 
C, 56.48; H, 5.93; N, 9.41. Found: C, 56.65; H, 5.69; 
5 N,9.23. 

EXAMPLE 28 

(Rl - 5- (2-EthvlaulPhonvlethenvll -3- (N-methvl- 
pyr r o Ime thy 1) - IH- indo 1 e 

A mixture of (R) -5-bromo-3- (N-methylpyrrolidin-2- 

10 ylmethyl) -IH- indole (0.25 g) , ethyl vinyl sulphone (0.14 
g) , tri-o-tolylphosphine (0.075 g) , palladium (II) 
acetate (0.013 g) , triethylamine (0.25 mL) and 
acetonitrile (3 mL) was heated under reflux for 17 hours 
in an atmosphere of nitrogen. The mixture was evaporated 

15 and the residue was chromatographed on silica gel. 
Elution with dichloromethane/ethanol/ concentrated 
aqueous ammonia (90:8:1) gave the title compound as a 
foam (0.185 g) : TLC (dichloromethane/-ethanol/ 

concentrated aqueous ammonia, 90:10:1): Rf = 0.5. Anal. 

20 Calcd for C18H24N2O2S. 0.2 CH^Clj: C, 62.55; H,7.04; N,8.02. 
Found: C,62.65; H,6.94; N,7.92. 

EXAMPLE 29 

(R) "5- (2-EthvlsulPhonvlethvl) -3- (N-methvlPvrrolidin- 
2*vlmethvll IH^indole 

25 (R) -5- (2-Ethylsulphonylethenyl) -3- (N-methyl- 

pyrrolidin-2 -ylmethyl ) -IH-indole (157 mg) was dissolved 
in a mixture of ethanolic hydrogen chloride [prepared by 
addition of acetyl chloride (0.043 mL) to ethanol (10 
mL) ] , N,N-dimethylformamide (7.5 mL) and water (0.1 mL) 

30 and the solution was shaken under a hydrogen atmosphere 
(15 psi) at room temperature for 18 hours in the presence 
of 10% palladium on carbon (150 mg) . The mixture was 
filtered through Arbacel (trade mark) filter aid and the 
residue was washed well with ethanol. The combined 

35 filtrate and washings were evaporated under reduced 
pressure and the residual oil was partitioned between 
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ethyl acetate and 2M aqueous sodium carbonate solution. 
The organic layer was separated, washed three times with 
water followed by brine and then dried (Na2S04) • 
Evaporation of the solvent gave an oil which was 
5 chromatographed on silica gel. Elution with 

dichloromethane/methanol/ concentrated aqueous ammonia 
(90:10:1) gave the title compound as a gum (110 mg) : TLC 
(CH2CI2/C2H5OH/NH3; 90:10:1): Rf = 0.3; [a]^D = +^2*^ 
(methanol, c = 0.10). Anal. Calcd for C|8H26N202S. 0.05 
10 CH2CI2: C,63.21; H,7.67; N,8.17. Found: C, 63.55; H,7.61; 
N,8.41. 

EXAMPLE 3 0 

(R) "5- (2-EthvlsulphonYlethyl) -3- <N-methvlDYrrolldin* 
2-Ylmethvl) "IH- indole hemisuccinate 

15 A solution of succinic acid (69 mg) in hot ethanol 

(3.5 mL) was added slowly with stirring to a solution of 
(R) -5- (2-ethylsulphonylethyl) -3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole free base (390 mg) in ethanol (3.5 
mL) • The solution was evaporated and the residue was 

20 triturated first with ether and then with ethyl acetate 
to give the title compound as a solid (375 mg) : mp 59- 
620C: [a]2^D = + 36* (methanol, c = 0.10). Anal. Calcd 
for C,8H26N202S. 0.5 C4H6O4. 0.25 CH3CO2C2H5. 0.5 HjO: 
C,59.00; H,7.42; H,6.68. Found: C,59.17; H,7.37; N,6.73. 

25 EXAMPLE 31 

(R) -5- (2-BenzenesulphonvlethenvH -3- CN-methvl- 
pyrrolidin-2-ylmethYl) -IH-indole hvdrobromide 

A mixture of (R) -5-bromo-3-(N-methylpyrrolidin-2- 
ylmethyl) -IH-indole (0.25 g) , phenylvinylsulphone (0.19 

30 g) , tri-o-tolylphosphine (0.075 g) , palladium (II) 
acetate (0.0125 g) , triethylamine (0.25 mL) and 
acetonitrile (2.5 mL) was heated under reflux for 42 
hours in an atmosphere of nitrogen. The solvent was 
evaporated and the residue was chromatographed on silica 

35 gel. Elution with dichloromethane/methanol/ 
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concentrated aqueous ammonia (90:10:1) gave the title 
compound as a foam (0*24 g) : Anal. Calcd for 
C22H24N2O2S. HBr. 1/3 CH2CI2: C,54.77; H,5.29; N,5.72. 
Found: C,55.00; H,4.85; N,5.58. 
5 EXAMPLE 32 

f R) - 5- ( 2 -Benzene sulphonyl ethvl) -3- (N-methyl* 
pyrrolidin-2-vliaethYl) -IH- indole 

A solution of (R) -5- (2-benzenesulphonylethenYl) -3-N- 
methy Ipy r r o 1 id in- 2 - y Imethy 1 ) - IH- indo le hydr obr omide 

10 (0.214 g) and 10% palladium on carbon (0.15 g) in a 
mixture of absolute ethanol (10 mL) , N,N- 
dimethylf ormamide (1 mL) and water (2 drops) was shaken 
under a hydrogen atmosphere (15 psi) at room temperature 
for 18 hours. The mixture was filtered through Celite 

15 (trademark) filter aid and the residue was washed well 
with ethanol. The combined filtrate and washings were 
evaporated under reduced pressure and the residue was 
partitioned between ethyl acetate and 2M aqueous sodiiim 
carbonate solution. The organic layer was separated, 

20 washed three times with water, followed by brine and 
dried (Na2S04) . Evaporation of the solvent gave a gxm 
which was chromatographed on silica gel. Elution with 
dichloromethane/methanol/concentrated ac[ueous ammonia 
(90:10:0.5) gave the title compound as a foam (0.096 g) . 

25 Anal. Calcd for C22H26N2O2S. HjO: C, 65.97; H,7.05; N,7.00. 
Found: C, 65.51; H,6.77; N,7.45. 

EXAMPLE 3 3 

(R) - 5 - ( 2 -Benzenesulphonylethyl ) (N-methyl" 
pyrrolidin-2-vlmethvl) -IH-indole hemiauccinate 

30 A solution of succinic acid (95 mg) in ethanol (5 

mL) was added to a solution of (R) -5- (2-ben2ene- 
sulphonylethyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH- 
indole free base (62 0 mg) in ethanol (5 mL) . The 
solution was evaporated to give the title compound as a 

35 foam (680 mg) : [a]^^^ = + 29^ (methanol, c = 0.10). Anal. 
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Calcd for CjjHj^NjOjS. 0.5 C4H6O4. 0.3 3 C2H5OH. 0.5 H2O; 
C, 63.59; 6.9.2; N,6.01. Found: C, 63.52; H,6.91; N,6.12. 

EXAMPLE 34 

(R) -5- r2- (4-MethYlphenYlsulPhonYl) ethenvll -3- (N- 
5 methvlpvrrolidin-2-YJ"°^Q^^YJ'^ -IH- indole 

A mixture of (R) -5-broiao-3- (N-lnethylpyrrolidin-2- 
yllaet:hyl) -IH-indole (0.40 g) , 4-itiethylphenylvinyl- 
sulphone (0.273 g) , tri-o-tolylphosphine (0.085 g) ^ 
palladium (II) acetate (0.031 g) , triethyl- 

10 amine (0.42 g) , and acetonitrile (20 mL) was heated under 
reflux for 16 hours in an atmosphere of nitrogen. The 
mixture was cooled and partitioned between ethyl acetate 
and 10% aqueous sodium bicarbonate solution. The organic 
layer was washed with brine, dried (Na2S04) and 

15 evaporated. The residual orange oil was chromatographed 
on silica gel. Elution was commenced with 

dichloromethane/methanol (90:10), followed by 
dichloromethane/methanol/ concentrated aqueous ammonia 
(90:10:0.25), gradually increasing the concentration of 

20 concentrated aqueous ammonia to 1%. The later product- 
containing fractions were evaporated to give the title 
compound as a foam (226 mg) : = + 71® (methanol, c 

= 0.10). Anal. Calcd for C23H26N2O2S. 0.15 CHjClji C, 68.27; 
H,6.51; N,6.88. Found: C, 68.26; H,6.54; N,6.99. 

25 EXAMPLE 35 

fR) -5-r2- (4-MethvlPhenvl3UlDhonvl) ethvl-3- (N- 
me thy Ip y J^J^Q lid in-2 - y Ime t hyl > - IH- indole 



sulphonyl) ethenyl] -3- (N-methylpyrrolidin-2-ylmethyl) - 
30 IH-indole (0.18 g) and 10% palladium on carbon (0.20 g) 
in ethanolic hydrogen chloride [prepared from absolute 
ethanol (25 mL) and acetyl chloride (35 /xL) ] was shaken 
under a hydrogen atmosphere (15 psi) at room temperature 
for 16 hours. The reaction mixture was filtered through 
35 Celite (trademark) filter aid and the residue was washed 
well with ethanol. The combined filtrate and washings 



A 



solution 



(R) -5-[2- (4-methylphenyl- 



were evaporated under reduced pressure and the residue 
was partitioned between ethyl acetate and 2M ac[ueous 
sodium carbonate solution. The organic layer was 
saturated, washed three times with water, followed by 
5 brine and dried (Na2S04) . Evaporation of the solvent gave 
a gum which was chromatographed on silica gel. Elution 
with dichloromethane/methanol/concentrated aqueous 
ammonia (90:10:0.25) gave the title compound as a foam 
(108 mg) : [a]^D = + 30<* (methanol, c = 0.10). Anal. 
10 Calcd for CjsHjgNjOjS. 0.05 CHjClj. 0.5 HjO: C,67.55; 
H,7.15; N,6.84. Found: C, 67.51; H,7.04; N,6.98. 

EXAMPLE 3 6 

4- (Nitrophenyl) methanesulphonvl chloride 

To a stirred solution of sodium thiosulphate (72. Og, 

15 0.291 mol) in water (75 mL) and methanol (50 mL) was 
added at room temperature, over 5 minutes, 4-nitrobenzyl 
chloride (50. Og, 0.291 mol). The resulting reaction 
mixture was heated to reflux and stirred, at reflux, for 
a further 2.25 hours. The reaction mixture was then 

20 cooled down and evaporated under reduced pressure, 
azeotroping with toluene to give a white solid (150 g) . 
The white solid was added to a mixture of acetic acid (75 
mL) , water (100 mL) and ice, the reaction mixture cooled 
to 0®C and chlorine gas passed through the system for 

25 1.25 hours, maintaining the reaction temperature below 
10 ®C throughout. The excess chlorine gas was removed by 
purging the reaction mixture with nitrogen gas for 1.25 
hours. The resulting slurry was filtered, drying the 
solid thus obtained in air. The title compound thus 

30 obtained (60.5 g) was used as such in Example 37 without 
further purification or characterization. 

EXAMPLE 37 

4"t*Butvlaminosulphonvlmethvlnitrobenzene 

To a cooled (ice bath) solution of t-butylamine 
35 (48.45 mL, 461 mmol) in dichloromethane (500 ml) was 
added dropwise, with stirring, a solution of the product 
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Of Example 36 (54*33 g, 231 itimol) in dichloromethane (500 
mL) • This addition was carried out: over 15 minutes with 
the temperature maintained below lO^C throughout. The 
reaction was then allowed to warm to room temperature and 
5 stirred for a further 12 hours. The reaction was then 
diluted with water (200 mL) , the organic layer separated, 
washed sequentially with water and brine, dried (MgS04) 
and evaporated under reduced pressure to give the product 
as a brown solid. Recrystalization of the brown solid 

10 from ethanol gave the title compound as a white solid 
(49.0 g) : mp, 156-158«»C; TLC (dichloromethane/methanol 
30:0.4): Rf = 0.66. NMR (CDCI3) S 8.25 (d, 2H) , 7.6 

(d, 2H) , 4.40 (s, 2H) , 4.10 (s, IH) , 1.38 (s, 9H) . Anal, 
calcd. for C,iHi6N204S: C, 48.55; H, 5.97; N, 10.30. 

15 Found: C, 48.53; H, 5.92; N, 10.29. 

EXAMPLE 3 8 
4-t-Butvlamino3ulphonvlmethvlanillne 
A solution of the product of Example 37 (1.17 g, 
4.29 mmol) in absolute ethanol and 10% palladivim on 

20 carbon (0.32 g) was stirred under a hydrogen atmosphere 
(60 psi) at 60®C for 66 hours. The mixture was filtered 
through CELITE filter aid and the resulting solution 
evaporated under reduced pressure to give the product as 
a solid. Recrystallization from ethanol gave the title 

25 compound as a white solid (0.95 g) : mp, 137-138®C; TLC 
(dichloromethane/methanol 30:0.4): Rf = 0.43. *H NMR 
(CDCI3) S 7.20 (d, 2H) , 6.65 (d, 2H) , 4.15 (s, 2H) , 3.95 
(br s, IH) , 3.75 (br s, 2H) , 1.32 (s, 9H) . Anal, calcd. 
for C11H18N2O2S: C, 54.51; H, 7.49; N, 11.56. Found: C, 

30 54.76; H, 7.60; N, 11.43. 

EXAMPLE 3 9 

4" (t-Butvlamino3ulphonvlmethYl) "2 , 6-dibromoanillne 

To a stirred solution of the product of Example 38 
(0.77 g, 3.17 mmol) in dichloromethane (15 mL) and 
35 methanol (15 mL) was added sodium bicarbonate (0.80 g. 
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9.53 itimol) with stirring, at 20*^0. Bromine (0.315 ulL, 
6.11 mmol) was then added dropwise, to the resultant 
slurry. The resulting mixture was then stirred for 18 
hours concentrated in vacuo and taken up in ethyl 
5 acetate/ water (1:1) • The aqueous layer was separated and 
extracted with ethyl acetate. The combined organic 
layers were then washed with water, dried (MgS04) and 
evaporated under reduced pressure to give the product as 
a white solid. Recrystalization from hexane/ethyl 

10 acetate gave the title compound as a white solid (1.15 
g) . Mp 140-142®C; TLC (dichloromethane/methanol 30:0.4): 
Rf = 0.60. NMR (CDCI3) ^ 7.45 (s, 2H) , 4.65 (br s, 

2H) , 4.05 (s, 2H) , 4.00 (s, IH) , 1.40 (s, 9H) . Anal, 
calcd. for CuHjgNjOjSBrj: C, 33.02; H, 4.03; N, 7.00. 

15 Found: C, 33.52; H, 4.04; N, 6.92. 

EXAMPLE 4 0 

4 - t-Butvlaminosulphony lmethvl-2 , S-dibromo^N- 
trif luoroacetvlaniline 

To a stirred solution of the product of Example 39 

20 (1.01 g, 2.52 mmol) and pyridine (0.26 mL, 3.28 mmol, 
1.30 eg) in anhydrous methylene chloride (15 mL) at O^C 
. under a nitrogen atmosphere was added dropwise 
trif luoroacetic anhydride (0.38 ml, 2.68 mmol, 1.1 eq) . 
The resultant reaction mixture was stirred at 0**C, under 

25 a nitrogen atmosphere, for 1 hour. The reaction mixture 
was then diluted with dichloromethane (150 mL) , washed 
with water (2 x 50 mL) and dried (MgS04) . Evaporation 
under reduced pressure gave a white solid which was 
recrystallized from hexane/diethyl ether to give the 

30 title compound as a white solid (1.10 g) . mp 166-167®C; 
TLC (dichloromethane/methanol 30:0.4): Rf = 0.21. 
NMR (CDCI3) 6 7.75 (br s, IH) , 7.70 (s, 2H) , 4.20 (s, 
2H) , 4.10 (s, IH) , 1.45 (S, 9H). . Anal calcd. for 
Ci3Hi5N203SBr2F3: C, 31.48; H, 3.05; N, 5.65. Found: C, 

35 31.41; H, 3.11, N, 5.55. 
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EXAMPLE 41 

(R) -1- (N-BenzvloxvcarbonYlpvrrolidin-2-vl) -a-TN- (4- 
t-butYlainino3UlphonYlme1:hYl"2 » 6-dibromophenvl) -"N- 
trif luoroacetvlaminolpropene 

5 To a stirred solution of the product of Example 40 

(28.0 56.0 mmol) and triphenylphosphine (15.0 86.0 
mmol, 1.53 eq) in anhydrous tetrahydrofuran (70 mL) ^ 
under a nitrogen atmosphere, at lO^C, was added dropwise 
a solution of diethylazodi car boxy late (8.9 mL, 56 mmol) 

10 in anhydrous tetrahydrofuran (15 mL) . The reaction 
solution was then warmed to 25®C and stirred for a 
further 2 5 minutes whereupon a solution of the product of 
Example 12A (14.79 g, 57.0 mmol) in anhydrous 
tetrahydrofuran (45 mL) was added dropwise, over 10 

15 minutes. The reaction solution was then stirred at 25 ®C, 
under a nitrogen atmosphere for 18 hours. The resulting 
reaction solution was evaporated under reduced pressure, 
triturated with diethyl ether, filtered and the filtrate 
evaporated under reduced pressure and the residue was 

20 column chromatographed using silica gel (approximately 
850 g) , eluting with an ethyl acetate gradient in hexanes 
to afford the title compound as a white foam. TLC 
(hexane/ethyl acetate 1:1): Rf = 0.65. NMR (CDCI3) 

[Note: due to slow nitrogen inversion two conformers of 

25 the products are seen by NMR spectroscopy] S 7.50-7.80 
(m, 2H) , 7.25 - 7.42 (m, 5H) , 5.42-5.65 (m, 2H) , 5.30 (s, 
0.14H), 5.00-5.20 (m, 2H) , 4.02-4.55 (m, 6H) , 3.28-3.45 
(m, 2H) , 1.25-1.90 (m, 13H) . Anal calcd for 

C28H32N305SBr2F3 . 7/100 CH2CI2: C, 45.23; H, 4.34; N, 5.64. 

30 Found: C, 45.06; H, 4.44; N, 5.87. 

EXAMPLE 4 2 

(R) -3- (N-BenzvloxvcarbonvlpYrrolidin-2-vlmetlivl) -7- 
bromo-5- ( t-butYlaminosulphonylmethvl) -IH-indole 

To a stirred solution of the product of Example 41 
35 (29.90 g, 40.44 mmol) in 1, 2 -dimethoxy ethane (160 mL) 
under a nitrogen atmosphere, at 20^C was added palladium 



(II) acetate (0.97 g, 4.32 mmol) followed by 
tetrabutylananonlum chloride hydrate (11.25 g, 40.48 mmol) 
and triethylamine (22.3 mL, 160 mmol). The reaction 
solution was stirred for a further hour at 20^C and then 
5 heated at reflux for 18 hours. The reaction solution was 
then allowed to cool to 20®C, evaporated under reduced 
pressure, taken up in ethyl acetate (800 mL) and washed 
with water. The organic layer was separated, dried 
(MgS04) and evaporated under reduced pressure to give a 

10 dark brown foam. Column chromatography using elution 
with 10% acetone in dichloromethane failed to provide a 
more pure title compound. The resulting crude product 
(21.3 g of an off-white foam) was used as such in the 
preparation of Example 43. 

15 EXAMPLE 4 3 

(R) -7-Bromo-5" ( t-butvlaminosulphonYlittethvl) -3- (N^ 
methvlpyrrolidin-2-ylmethyl) -IH- indole 

To a stirred suspension of lithium aluminium hydride 
(7.07 g, 186 mmol) in anhydrous tetrahydrofuran (100 mL) , 

20 at O^C, under a nitrogen atmosphere, was added dropwise, 
over 3 0 minutes, a solution of the resulting product of 
Example 4 2 (21.3 g) in anhydrous tetrahydrofuran (100 
mL) . The resulting mixture was allowed to warm to room 
temperature and then stirred for a further 56 hours. The 

25 reaction was then cooled to 0®C and cautiously treated 
with water (7.0 mL) , followed by 15% aqueous sodium 
hydroxide solution (7.0 mL) , and then with more water 
(21.0 mL) . The resulting black precipitate was removed 
by filtration, washing with ethyl acetate. The filtrate 

30 was then washed with water, dried (MgS04) and evaporated 
under reduced pressure to give the crude products as a 
gum. This was column chromatographed using silica gel 
(50 g) and elution with dichloromethane/methanol (100:5) 
followed by dichloromethane/methanol/ammonium hydroxide 

35 (90:10:1) to afford the title compound (9.9g) as a white 
foam. TLC (dichloromethane/methanol/ammonium hydroxide 
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90:10:1): Rf = 0.33. NMR (CDCI3) S 8.35 (br s, IH) , 

7.52 (s, IH) , 7.40 (s, IH) , 7.12 (s, IH) , 4.30 (s, 2H) , 
4.00 (s, IH) , 3.12-3.25 (m, 2H) , 2.60-2.72 (m, IH) , 2.50- 
2.10 (m, IH) , 2.49 (s, 3H) , 2.22-2.38 (m, IH) , 1.55-1.78 
5 (m, 4H) , 1.39 (s, 9H) . = + 47* (CH3OH, c=0.1). 

Anal, calcd. for CjjHjgNjO^SBr : C, 51.59; 6.38; 9.50. 
Found: C, 51.84; H,6.52; N, 9.52. 

EXAMPLE 44 

f R) -5- f t -Bu tv 1 ami no sulphon Vim ethyl ) -3 - f 
10 methv Ipvr r o 1 id in-*2 - vlme thvl ) - IH- indo 1 e 

A solution of the product of Example 43 (5.79 g, 
13.1 itimol) and 20% palladium hydroxide/ carbon (5.7 g) was 
stirred under a hydrogen atmosphere (60 psi) for 24 
hours. The resultant reaction mixture was filtered 

15 through a pad of CELITE, washing with absolute ethanol. 
The combined filtrates were evaporated under reduced 
pressure. The residue was taken up in a mixture of 2N 
sodium bicarbonate and dichloromethane. The organic 
layer was separated, dried (MgS04) and evaporated under 

20 reduced pressure. This was column chromatographed using 
silica gel (90 g) and elution with 
dichloromethane/methanol/ ammonium hydroxide (90 : 10 : 1) to 
afford the title compound as a white solid (3.0 g). mp 
7 3 -7 5 C . TLC ( dichloromethane/methanol / ammonium 

25 hydroxide 90:10:1): Rf = 0.36. NMR (CDCI3) S 8.25 (br 

s, IH) , 7.60 (s, IH) . 7.35 (d, IH) , 7.22 (d, IH) , 7.05 
(S, IH) , 5.25 (s, 1/5H) , 4.35 (s, 2H) , 3.90 (s, IH) , 
3.10-3.22 (m, 2H) , 2.55-2.70 (m, IH) , 2.42-2.55 (m^ IH) , 
2.45 (s, 3H) , 2.18-2.30 (m, IH) , 1.50-1.90 (m, 4H) , 1.40 

30 (s, 9H) . [a]^D = 58^ (CH3OH, c=0.1). Anal, calcd. for 
C19H29N3O2S • 1/10 CH2CI2: C, 61.68; H, 7.91; N, 11.29. 
Found : C, 61.67; H, 8.14; 11.30. 



35 




-88- 



EXj^PLE 45 

(R) -5" (Aminosulphonvlmethvl) -3- (N^methvlpvrrolidin- 
2-vlniethvl) -IH-indole 

A solution of the product of Example 44 (5.92 g, 
5 16.3 miQol) and p-toluenesulphonlc acid (470 mg, 2.5 nunol) 
In acetic anhydride (90 loL) was refluxed, under a 
nitrogen atmosphere, for 6 hours. The reaction mixture 
was then cooled to 25 *C and evaporated under reduced 
pressure, azeotroplng with toluene and dlchloromethane. 

10 The resultant dark brown foam was dissolved In 
trlf luoroacetlc acid (50.0 mL) and stirred under a 
nitrogen atmosphere at 25 ®C for 18 hours. The reaction 
mixture was then evaporated under reduced pressure, 
azeotroping with dlchloromethane. A slurry of potassium 

15 carbonate (1.86 g) in methanol (85 mL) was added to the 
resultant gum and the reaction mixture heated to reflux 
for 3 0 minutes. The resultant reaction mixture was then 
cooled to 25 ®C and evaporated under reduced pressure to 
give a black oil. Purification by column chromatography 

20 using silica gel and elutlon with methylene 
chlorlde/methanol/ammonlum hydroxide (90 : 10 : 1) afford the 
title compound as a white foam (2.6 g) • TLC 
(dlchloromethane/methanol/ammonlum hydroxide 80:20: 1) : Rf 
= 0.43. *H NMR (CD3OD) S 7.62 (s, IH) , 7.35 (d, IH) , 7.18 

25 (d, IH) , 7.10 (s, IH) , 5.48 (s, 9/10 H) , 4.40 (S, 2H) , 
3.08-3.30 (m, 2H) , 2.55-2.70 (m, 2H) , 2.50 (s, 3H) , 2.20- 
2.42 (m, IH) , 1.52-1.90 (m, 4H) . [a]^D = (CH3OH, 
c=0.1). Anal* calcd. for C15H21N3SO2 • 9/20 CH2CI2: C, 
53.69; H, 6.39; N, 12.16. Found: C, 53.58; H, 6.45; N, 

30 11.76. 

EXAMPLE 4 6 

4-Methvlaminosulfonylmethyl-N-trif luoroacetYlanlline 

To a chilled solution of pyridine (4 mL) in 
methylene chloride (100 mL) was added trif luoroacetlc 
35 anhydride (7.0 mL) followed by 4- 
methylaminosulfonylmethylanlllne (9.55 g) . After 30 
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minutes at O^C, the reaction mixture was filtered to give 
the title compound (11.6 g) as a light yellow powder. 
TLC (EtOAc/ hexane 2:1) Rf = 0.36. 

EXAMPLE 47 

5 2-Bromo*4*inethvlaminosulfonvlmethYl'*N- 
trif luoroacetvlaniline 

To a chilled suspension of 4- 
methylaminosulf onylmethyl-N-trif luoroacetylaniline (10. 9 
g) in methanol (100 mL) was added sodium bicarbonate (28 

10 g) , followed by bromine (18.3 g) in methylene chloride 
(30 mL) . The reaction mixture was then diluted with 
methylene chloride (70 mL) and quenched by the addition 
of sodium sulfite (20 g) , filtered through CELITE and 
concentrated in vacuo to a yellow residual solid. This 

15 solid was twice reslurried in methylene chloride (3 00 mL) 
then refiltered and the filtrates evaporated in vacuo . 
The residual materials were combined in 10% acetone / 
methylene chloride solution and concentrated then 
purified by column chromatography (eluting with 4% 

20 acetone in methylene chloride) to give the title compound 
(4.10g) mp 170®C; TLC (methylene chloride/ acetone 
15:1) Rf = 0.36, and the corresponding dibromlde (5.56g) 
TLC (methylene chloride/ acetone 15:1) Rf = 0.31. 

EXAMPLE 48 

25 2 # 6-Dibromo"4-methylaminosulf onylmethvlaniline 

To a stirred solution of 4-methylaminosulf onyl- 
methylaniline (10 g) in a mixture of methylene chloride 
(100 mL) and methanol (2 00 mL) was added sodium 
bicarbonate (12.6 g) followed by bromine (16 g) in 

30 methylene chloride (80 mL) . Then the reaction mixture 
was evaporated in vacuo and the residue partitioned 
between ethyl acetate (2 00 mL) and water (100 mL) . The 
ethyl acetate phase was washed with water and brine then 
dried and evaporated to give the title compound as a 

35 brown solid (17.1 g) . mp 155-157^C. *H NMR (CDCL3) S 
7.4 (s, 2H) , 4.6 (bs, 2H) , 4.1 (m, 3H) , 2.75 (d, 3H) . 
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EXAMPLE 49 

2 , 6 -Dibr omo-4 -methylaminosulf onylme thvl -N- 
tr i f luor pace ty Ian i 1 ine 
5 2 , 6-Dibroino-4-inethylaitiinosulf onylmethylaniline (410 

g) was stirred in methylene chloride (8 L) containing 
pyridine (118 g) and treated with trif luoroacetic 
anhydride (307.5 g) in methylene chloride (300 mL) • Upon 
complete consumption of the aniline the reaction mixture 
10 was diluted with methylene chloride (2 L) and with water 
(5 Li) resulting in precipitation of the title compound 
(281.9 g) which was removed by filtration, mp 179-180**C. 
TLC , (EtOAc/hexane 1:1): Rf = 0.3. Anal calcd. for 
CioH9Br2F3N203S : C 26.45; 2.00; N, 6.17. Found C 26.46; 
15 H, 1.79; 6.12. 

Further title compound (165 g) was recovered by 
crystalization from the (water-washed) combined filtrate 
and washes upon concentration. 

EXAMPLE 50 

20 (R) -1- (N-Benzvloxvcarbony lpyrrolidin"2 -y 1 ) "3^ 

hvdoxvpropene 

To a stirred solution of (R) -ethyl 3-(N- 
benzyloxycarbonylpyrrolidin-2-yl) -2-propenoate (574 g) in 
tetrahydrofuran (5.7 L) at about -78 ®C was added boron 

25 trifluoride etherate (295.4 g) and then 
diisobutylaluminum hydride (1.5 M in toluene, 3.91 L, 3.1 
eg) added (over two hours) maintaining the temperature 
below -62**C. The resulting solution was stirred (between 
-78 and -62 ®C) for three hours and then quenched into 

30 aqueous citric acid solution (2 kg citric acid in 5 L 
water plus 4 L ice) over about 4 0 minutes. The phases 
were separated and the aqueous phase extracted with ethyl 
acetate (2 x 2.1 L) . The combined organic solution was 
dried (over magnesium sulphate) and evaporated, then the 

35 residual oil purified by chromatography through silica 
gel, eluting with mixed ethyl acetate/hexane (9:1 to 4:1) 
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to give the title compound as an oil (260 g) , as produced 
in Example 12A (as an alternative, the residual oil can 
be purified by chromatography through silica gel eluting 
with ethyl acetate : hexane (1:1) )• 
5 EXAMPLE 51 

(R) -1- CN-Benzv loxvcarbo nvlPvrrolidin-2-vll -3- TN- ( 4- 
methvlaminosulf onvlmethvl-2 # 6-dlbromophenvl) -N** 
tr i f luor pace t V lamino 1 prop ene 

Triphenylphosphine (5.71 g) was dissolved in 
10 anhydrous tetrahydrof uran (30 mL) and^ in an ice bath, 
diethylazodicarboxylate (3.71 g in 20 mli anhydrous THF) 
was added dropwise. Having removed the ice-bath, the 
reaction mixture was diluted with a further 20 mL 
anhydrous THF, followed by 2 , 6-dibromo-4-methylamino- 
15 sulf onylmethyl-trif luoroacetylaniline (6.45 g in 50 mL 
anhydrous THF) , and (R) -1- (N-Benzyloxycarbonylpyrrolidin- 
2-yl) -3-hydroxypropene (5.51 g in 30 mL anhydrous THF) 
added dropwise. When conversion was judged complete the 
reaction mixture was evaporated in vacuo (onto silica gel 
20 - 20 g) and purified by column chromatography (Si02 - 1.6 
kg) eluted with 5% acetone in methylene chloride to give 
the title compound as a colorless foam (9.13 g) • TLC 
(methylene chloride/acetone 9:1) Rf = 0.60; Anal Calcd. 
for C25H26Br2F3N305S C 43.1; H, 3.7; N, 6.0. Found C, 43.93; 
25 H, 3.99; N, 6.00. 

Similarly, the reaction may be conducted in 1,2- 
dimethoxyethane solvent and processed without 
purification to direstly yield the compound of Example 52 
under standard Heck coupling conditions (in mixed 1,2- 
30 dimethoxyethane with N, N-dimethylf ormamide) . 

EXAMPLE 5 2 

(R) -3- (N-Benzyloxvcarbonvlpvrrolidin-2-vlmethvl) -7^ 
bromo-5- (methYlaminosulf onvlmethyl) -IH-indole 

(R) -1- (N-Benzyloxycarbonylpyrrolidin-2-yl) -3- [N- (4- 
35 methy laminosulf onylmethyl-2 , 6-dibromopheny 1 ) -N- 
tr if luoroacety lamino ]propene (9.00 g) in triethylamine 



(70 mL) containing N,N-dimethylf ormamide (20 loL) , tetra- 
n-butylainxaoniuiQ chloride (3.61 g) and palladium acet:at:e 
(1.01 g) was heated at 80®C until conversion was 
complete. The cooled reaction mixture was filtered 
5 through CELITE and washed with methylene chloride. The 
combined filtrate and washings were then evaporated in 
vacuo onto silica gel (15 g) then purified by column 
chromatography (Si02 - 1.6 kg) eluted with 4% acetone in 
chloroform. The product-rich fractions were combined and 

10 evaporated then re-purified by crystallisation from a 
mixture of diethyl ether (50 mL) and methylene chloride 
(10 mL) . The title compound was recovered by filtration 
(washing with hexanes) as a colorless solid (2.40 g) . 
TLC (methylene chloride/acetone 10:1) Rf = 0.35; Anal 

15 calcd. for C23H26BrN304S : 53.1; H, 5.0; 8.1. Found C, 
53.13; H, 5.0; N, 7.8. 

Further title compound (2.03 g) was recovered from 
the crystallisation liquor upon evaporation and 
purification by silica chromatography (3 00 g Si02 eluted 

20 with diethyl ether) . 

EXAMPLE 53 

CR) -7-Bromo-5- (methylaminosulf onYlmethvl) *3* (N^ 
methylpYrrolidin-2-ylmethYl) -IH-lndole 

To a chilled suspension of lithium aluminium hydride 
25 (47.89 g) in tetrahydrof uran (938 mL) , (R)-3-(N- 
benzy loxycarbonylpyrrolidin-2-ylmethyl) -7-bromo-5- 
(methylaminosulf onylmethyl) -IH-indole (262.7 g) in 
tetrahydrof uran (1250 mL total) was added slowly 
dropwise. The reaction mixture was stirred at ambient 
30 temperature and then warmed to 40 ®C until conversion was 
complete. Then, the mixture was cooled and quenched by 
slow addition of industrial methylated spirit (160 mL) , 
followed by 4M aqueous sodium hydroxide solution (45 mL) , 
then water (142 mL) . The mixture was then filtered 
35 (through Arbacel) . The filtered solids were reslurried 
in hot industrial methylated spirit (1600 mL) then 
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ref il'tered. The filt:ered solids were then washed wit:h a 
further portion of industrial methylated spirit (200 mli) 
and then again reslurried from hot industrial methylated 
spirit (1600 mL) . The resultant slurry was again re- 
5 filtered. The combined filtrates and washings were 
evaporated in vacuo to give a crude oil which was stirred 
in mixed water (1000 mL) / ethyl acetate (1000 mL) . The 
aqueous phase was separated and washed with ethyl acetate 
(500 mL) (then the aqueous discarded) and then the ethyl 

10 acetate extracts combined and diluted with water (1000 
mL) and the whole acidified (by addition of concentrated 
hydrochloric acid) . The aqueous phase was separated and 
the organic phase washed with water (500 mL) . These two 
aqueous phases were combined and made basic (by addition 

15 of 40% aqueous sodium hydroxide solution) and the product 
re-extracted with ethyl acetate (2x1000 mL) , then again 
at pH9 with further ethyl acetate (500 mL) . The combined 
ethyl acetate extracts were evaporated to an oil then re- 
evaporated from acetone (250 mL) to* give the title 

20 compound (200,7 g) as a semi-solid mass. TLC (diethyl 
ether/ethyl acetate/methanol/diethyl amine 50:50:5:5) : Rf 
= 0.26. NMR (dfi DMSO) S 11.05 (s, IH) , 7.5 (s, IH) ^ 7.3 
(s, IH) , 7.2 (s, IH) , 6.85 (q, IH) , 4.35 (s, 2K) , 2.95 
(m, 2H) , 2.55 (d, 3H) , 2.5 (m, IH) , 2.35-2.3 (m, IH and 

25 S, 3H) , 2.1 (m, IH) , 1.75-1.4 (m, 4H) . 

EXAMPLE 54 

CR) -5- CMe ^>>Y'' am inosulf onYlmethYl) -3^ f N*methylpYrrolidin«» 
2-YlPethYl) -IH- indole 

A solution of (R) -7-bromo-5- (methylaminosulf onyl- 
30 methyl) -3- (N-methylpyrrolidin-2-ylmethyl) -IH-indole (193 
g) in industrial methylated spirit (950 mL) containing 
Pearlman's catalyst (47.6 g total) was exposed to 
hydrogen gas (50 psi) . The catalyst was then filtered 
through an Arbacel pad, washing with hot industrial 
3 5 methylated spirit (2x100 mL) and the combined filtrate 
and washings evaporated in vacuo to an organic residue. 
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The filtered solids (catalyst + filter aid) were then 
reslurried in 2N hydrochloric acid (500 mL) then re- 
filtered (through Arbacel)and the filtrand washed with 2N 
hydrochloric acid (4x250 mL) and water (2x100 mL) . The 
5 aqueous filtrate and washes were combined with the 
organic residue and then once washed with ethyl acetate 
(1000 mL) • The aqueous solution was chilled then made 
basic by addition of 40% aqueous sodium hydroxide 
solution precipitating the title compound as a pale- 

10 yellow solid. This solid was filtered, washed with water 
(2x100 mL) an'd dried in vacuo to give the title compound 
(89.9 g) . TLC (methyl iso-butyl ketone/acetic acid/water 
2:1:1 Top phase): Rf = 0.23. NMR (dg DMSO) S 10.85 (s, 

IH) , 7.5 (s, IH) , 7.3 (d, IH) , 7.15 (s, IH) , 7.05 (d, 

15 IH) , 6.8 (q, IH) , 4.35 (s, 2H) , 3.0 (m, 2H) , 2.55-2.4 (d, 
3H and m, 2H) , 2.35 (s, 3H) , 2.1 (m, IH) , 1.7-1.4 (m, 
4H) . 

Further title compound (32.4 g) could be recovered 
from the catalyst solids by repeating the extractions 
20 into 2N hydrochloric acid and water and again 
precipitating solid product by the addition of aqueous 
sodixm hydroxide solution. 

EXAMPLE 55 

(R) "5- CMethyleuBinosulf onYlmethvl) -3- fN-methYlPyrrolidin^ 
25 2-vlmethvl) -IH-indole 

(R) -3-(N-Benzyloxycarbonylpyrrolidin-2-ylmethyl) -7- 
bromo-5- (methylaminosulf onylmethyl) -IH- indole (3.0 g) in 
ethanol (45 ml) was exposed to hydrogen (15 psi) over 
Pearlman's catalyst (1.5 g) until complete consumption of 

30 the substrate was evident (if necessary a second charge 
of catalyst can be made after filtration of the original 
catalyst through Arbacel and washing the filtered solids 
with ethanol - 50 ml) . Then the reaction was filtered 
through Arbacel (washing with ethanol - 150 ml) and the 

35 combined filtrate and washings evaporated (and re- 
evaporated from methylene chloride) to an off-white solid 



(the hydrobromide salt of (R) -5- (methylaminosulf onyl- 
methyl) -3- (pyrrolidin-2-ylinethyl) -IH-indole) which was 
dissolved in water (100 ml) • From this aqueous solution 
(R) -5- (methy laminosulf onylmethyl) -3- (pyrrolidin-2- 
5 ylmethyl) -IH-indole (1.4 g) was extracted into ethyl 
acetate (ca. 850 ml) after addition of 15% aqueous sodium 
hydroxide solution to pH 8. 

(R) -5- (Methylaminosulf onylmethyl) -3- (pyrrolidin-2- 
ylmethyl) -IH- indole (1.3 g) in tetrahydrofuran (12 mL) 

10 was treated with an aqueous solution (12 mL) of the mono- 
sodium salt of phosphorous acid (made from 169 mg sodium 
hydroxide and 346 mg phosphorous acid) . To this mixture 
was added 37% aqueous formaldehyde (343 mg) and then the 
reaction mixture was heated to 60 ®C until conversion was 

15 complete. The organic solvent was removed by atmospheric 
distillation then made basic by addition of aqueous 
sodium hydroxide solution (to pH 10) . This causes 
precipitation of the title compound (0.945 g) . 

Similarly, the hydrobromide salt of (R) -5- 

20 (methylaminosulf onylmethyl) -3- ( pyrrol idin-2 -ylmethyl) -IH- 
indole may be used directly in the reductive amination 
process (above) simply by incorporation of an extra molar 
equivalent of sodium hydroxide in the aqueous solution. 

EXAMPLE 56 

25 (R) -3- (N-Benzvloxvcarbonvlpvrrolidin-2'*ylcarbonyl) -5- 
br omo - IH- indo 1 e 

Two solutions containing the reactants were prepared 
separately as follows: 

To a stirred solution of N-benzyloxycarbonyl-D- 

30 proline (291.93 g) in dichloromethane (291.9 loL) and 
toluene (370.8 mL) containing N,N-dimethylformamide (1.46 
mL) was added oxalyl chloride (102.2 mL) in toluene 
(291.9 mL) and the resulting solution was stirred at 
ambient temperature overnight. The solution was then 

35 purged by passing a stream of dry nitrogen gas for five 



-96- 

hours. This solution of N-benzyloxycarbonyl-D-proline 
acid chloride was ready for use* 

In parallel, a solution of ethyl magnesiiim bromide 
(800 itiL of a 3M solution in ether) was added dropwise 
5 over one hour to a stirred solution of 5-bromoindole 
(459.15 g) in dichloromethane (4391.4 mL) . The mixture 
was stirred and heated at reflux for 30 minutes then 
cooled to -20**C. The above solution of N- 

benzyloxycarbonyl-D-proline acid chloride was added 

10 dropwise with stirring (over one hour) and stirring was 
continued for a further 30 minutes. Then a solution of 
ammonium chloride (1122.3 g) in water (5855.3 mL) was 
added at this temperature and the mixture allowed to warm 
to room temperature. Further ammonium chloride (1452.3 

15 g) in water (2 000 mL) was added to allow separation of 
the phases. The phases were separated and the aqueous 
phase extracted with dichloromethane (1.95 L) then 
discarded. The combined organic phases were washed with 
aqueous sodium bicarbonate solution (2.7 L) , then with 

20 brine (1 L) before concentration to low volume (about 1 
L) . This concentrate was diluted with ethyl acetate 
(1250 mL) and then further diluted with hexane (1250 mL) . 
The resulting slurry was stirred at ambient temperature 
before collection of the title compound (361.4 g) by 

25 filtration (washing with 1:1 ethyl acetate :hexane-2x3 00 
ml) and drying in vacuo. This material is as described 
in Example 26. 

EXAMPLE 57 

CR> -l-Acetvl-5" ( 2 -Phenylsulf onvlethenyl) -3- (N* 
30 methylPvrrolidin-2-Ylmethyl) -iH-indole 

A solution of (R) -5-bromo-3- (N-methylpyrrolidin-2- 
ylmethyl) -IH-indole (50 g) in dimethylf ormamide (40 mL) 
containing triethylamine (18.98 g) was treated with 
acetic anhydride (19.15 g) over ten minutes, then the 
35 mixture was heated to 90-100®C for two hours then allowed 
to cool. This solution was added (over ten minutes. 
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washing in with 20 mL of DMF) to a solution of palladium 
acetate (1.91 g) ^ tri-o-tolylphosphine (5.20 g) , phenyl 
vinyl sulphone (35.86 g) and triethylamine (36.24 g) in 
dimethyl formamide (90 mL) and the mixture was heated to 
5 reflux for three hours. The mixture was then cooled and 
filtered through Arbacel (washing with dimethylf ormamide- 
2x50 mL-theh with water-2x50 mL) . This solution (in two 
portions) was quenched into dilute aqueous hydrochloric 
acid (3016 mL total) then the pH of the aqueous solutions 

10 adjusted to about 8 (by addition of aqueous sodium 
hydroxide) . The precipitated materials were filtered^ 
washed with water (each twice with 50 mL) then dried in 
vacuo (to 78.65 g) . This material (74.57 g) was 
reslurried in methanol (500 mL) containing water (250 mL) 

15 then refiltered, washing with 2:1 methanol : water mixture 
(2x50 mL) then dried in vacuo to give the title compound 
as a beige solid (57.55 g) : mp, 86-90«C; IR (KBr) 1700^ 
1605, 1460, 1450, 1385, 1150, 1085, cm^* LRMS (TSP) , m/z 
423, 381, 165, 135, 133. 

20 EXAMPLE 58 

CR) -S** {2-Phenvlsulf onvlethenvl) -3- (N-methvlPvrrolidin-2^ 
ylnethvl) -IH^indole 

A suspension of (R) -l-acetyl-5- (benzenesulf onyl- 
ethenyl) -3- (N-methyl-pyrrolidin-2-ylmethyl) -IH- indole 

25 (220.8 g) in methanol (2.21 L) was treated with potassium 
carbonate (72.23 g) and stirred at ambient temperature. 
After about one hour active carbon (22.1 g) was added to 
the solution then water (660 mL) added slowly. The 
mixture was filtered and the filtrate heated to reflux 

30 and water (660 mL) added dropwise. The mixture was 
allowed to cool and crystallize, then further water was 
added slowly (3.31 1) . The resulting solid was filtered, 
washed with 1:2 methanol : water mixture (2x200 mL) then 
dried in vacuo to give the title compound (149 g) : mp, 

35 84-87<>C. IR (KBr) 1600, 1450, 1290, 1145, 1085 
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cm-*: *H NMR (CDCI3) 8.4 (b, IH) , 8.0 (d, 2H) , 7.8 (d, 
IH) , 7.7 (s, IH) , 7.6-7.5 (m, 3H) , 7.3 (s^ 2H) , 7.05 (b, 
IH) , 6.75 (d, IH) , 3.15 (m, 2H) , 2.6 (m, IH) , 2.45 (s, 
3H) , 2.4 (S, IH) , 2.2 (m, IH) , 2.0-.5 (la, 4H) ; LRMS 
5 (TSP) , m/z 381, 165, 133, 119. 

EXAMPLE 59 

CRl -5- (2-Phenvlsmf onv lethvll -3- (N-meth vlDvrrolidin-2-> 
ylmethvl) -iH-indole 

A stirred solution of (R)-5-(2- 
10 benzenesulf onyletheny 1 ) -3- (N-iaethylpyrrolidin-2- 
ylmethyl) -IH-indole (34.0 g) in acetone (200 mL) was 
treated with methanesulf onic acid (8.5871 g) then 5% 
palladium on carbon (50% wet) (34.0 g) added and the 
mixture exposed to hydrogen (50 psi) at ambient 
15 temperature. When conversion was judged to be complete 
the mixture was filtered (washing with acetone - 85 mL - 
and mixed acetone /water - 81 mL/4 mL) . The coiabined 
filtrate and washings were diluted with water (800 mL) 
and the pH adjusted (with stirring) to about 11 by 
20 addition of 40% aqueous sodium hydroxide. After 
granulation of the precipitate the solids were collected 
by filtration to give the title compound (25.08 g) as 
that produced in Example 32) . 



